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PREFACE. 



Among the conclusions arrived at, as a result of the general 
inquiry referrecl to in the introductory chapter, it was not 
to be wondered that many were entirely novel, and, this 
being so, a very close criticism of them was to be expected, 
and, indeed to be hoped for. In the preface to the work, 
entitled The Mdcontic Hypothesis, in which I gave a general 
account of the conclusions, I wrote : — 

" It is not in the nature of things that a large mass of detailed work 
and inquiry, which it has taken my assistants and myself three years V) 
get together, shall be found free from error, especially since observations 
made by many men in many lands, frequently under conditions of great 
difficulty, form part of the basis of the discussion. Nor, again, is it likely, 
or even desirable, that the general hypothesis, if it be found of any value 
at all, shall not be improved when fresh minds are brought to bear 
upon it. 

" When the time arrives I shall profit more than any one else by any 
valid objections that may be raised, and I shall be careful to reply to or 
accept them.'' 

In the year 1894 my turn came round, as Professor in the 
Royal College of Science, to give one of the courses of " Lec- 
tures to Working Men '* at the School of Mines, and it struck 
me that I could not do better than ^i^ive a jreneral account of the 
bearing of the new conclusions upon solar studies, for, in fact^ 
the whole inquiry had been originated by the desire to obtain 
definite evidence as to the relation of the sun to the more dis- 
tant stars. ^Vnd I was the more induced to do this because it 
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would afford me a convenient opportunity of bringing together 
all the new knowledge which the four years since the publica- 
tion of Tlie Meteoritic Hypothesis had brought, and of dis- 
cussing whether this, together with the remarks and criticisms 
which had accompanied it, had strengthened or weakened the 
views I had put forward. 

The lectures had for a title, "The Sun's place in Nature/* 
and the present work is to some extent based upon the short- 
hand notes of them. 

I have endeavoured to give in this book, as clearly and as 
judicially as I can, a statement of the discussions which have 
been going on since The Meteoritic Hypothesis was published ; to 
show what holes have been picked in the new views, and what 
new truths may be gathered from the new work which has now 
been brought to bear upon the old ; so that, as a result, the 
place I have given to the sun among its fellow stars may be 
justified or withdrawn. 

To the subject matter of the lectures many additions have 
been made in the light of more recent work. The running 
to earth of the cause of the D3 line — which, in 1868, I attri- 
buted to a gas associated with hydrogen, and named lielium — 
has an important bearing on many of the points discussed ; 
hence special chapters have been devoted to it. 

The outburst of a new star in the constellation of Auriga in 
1895 I at once accepted as a test of the validity of the new 
hypothesis, and I have therefore referred at length to the 
question of new stars generally and to the conclusions which 
have been drawn from the study of the last one by modem 
methods. 

Finally, I give a general account of several researches I have 
quite recently communicated to the Eoyal Society dealing 
especially with stellar classification. 

I have been careful, I trust, to reply to the objections which 
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have been made to my views, and also to show the bearing of 
the new work upon them. In my attempt to do this thoroughly 
I have had to treat on various problems of celestial chemistry 
which are now rapidly being opened up. 

I have to acknowledge my deep obligations to the staffs both 
of the Solar Physics Observatory and of the Asti*ophysical 
Department of the Royal College of Science, chief among them 
Messrs. Fowler, Baxandall, and Shackleton. for the skill and 
patience with which they have assisted nie in the various 
branches of the inquiries summarised in this volume, which 
have occupied us now for ten years. 

XOKMAX LOCKYER. 

Solar Physics Observatory, 
South Kensington. 
July, 1897. 
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SUN'S PLACE IN NATURE. 



CHAPTER I.— INTKODUCTORY. 

Is the year 1887 I brought out a book euiitled TJie 

Chanistrij of thu Sim, the subject matter of wliich had grown 

out of work upon which I had then been engaged for twenty- 

I one years, the latter part of it having been done in connection 

with a Government Coumiittee — the Kolar Physics Committee. 

The object of the work was to endeavour to obtain some light 

upon the nature of the sun, among other things witli a view 

I of determining whether a complete investigation of the quantity 

I and the quality of the solar radiation might, sooner or later, not 

only provide us with new knowledge, but with some help fur 

humanity in the way of long period weather prediction. 

It is no part of my present intention to dwell at any length 
on the older inquiries made in this connection, but I must refer 
to two points on which the work to wliicli 1 have relerrcd 
I certainly threw very great iutei-est, if not light. 

The radiant energy of the aun, measured in a mechanical way, 

ia, according to Lord Kelvin, equal to 78,000 horse-power per 

I square metre, a square metre being a little more than a square 

\ yard. That means, therefore, that from every space ou the 

I will's surface, a little bigger than a square yard, enough energy 

is produced to drive three or four of our biggest iruu-clada. 

A later value, found by Ia.ngley, gives 135,000 instead of 
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78,000 horse-power per square metre. What, then, is the 
eflfective temperature of the sun's photosphere which causes it 
to give out all this energy ? Recent investigations by Rosetti, 
Le Chatelier, Wilson and Gray indicate that a value of 9000° C. 
is not very wide of the mark. 

Now, one of the principal results obtamed by spectroscopic 
work during the last thirty years is that spectra vary as the 
temperature varies ; and, working on these lines, it was soon 
found that, on certain parts of the sun — which it is possible for 
us to study by modern means of observation — there was no 
temperature we could employ in our laboratories which exactly 
represented the heat apparently at work in these regions. Spec- 
trum analysis, therefore, at most temperatures we could com- 
mand in our laboratories, seemed to break down, because the 
whole soul of spectrum analysis, as applied to celestial investi- 
gation, means that we must match what we see shining in the 
heavens by something that we can make shine in our labora- 
tories under equivalent temperature conditions. Nor was this 
alL The more the researches went on, the more the spectro- 
scopic observations of sun spots and the like seemed to suggest 
that the meteoric origin of the sun, and of some part of the 
sun's radiant energy, suggested many years ago, was a true one ; 
it certainly appeared to explain a great many solar phenomena, 
which have not been explained in any other way. 

On this point I wrote in 1886 : — 

" We know that small meteorites in our own cold atmosphere are heated 
to incandescence by friction, that is, by the conversion of their kinetic 
energy into heat, and it is therefore not difficult to imagine that enormous 
masses, falling with great velocities through the sun's highly heated 
atmosphere, would be competent to give rise to such disturbances as those 
witli which we are familiar on the sun's surface. This cool material is 
produced by the condensation, in the upper cool regions of the sun's atmo- 
sphei-e, of the hot ascending vapours produced at the lower levels, and 
this is ])robably the main source of supply of spot-producing material" ' ijj 
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It seemed, indeed, as if mauy phenomena on the nearest star 
to ug, our own aun, might be really phenomena pitKiuced by the 
fall of meteoric bodies upon that surface which vre »ee, and 
which we call the photosphere. It ia now many yeai-s ago since 
Balfour Stewart and others tlirew out the idea that the pheno- 
mena connected with the formation of sun-spots were really 
produced by the fall of bodies upon the sun's surface. Other 
philosophers have preferred the idea that we have to do with 
eruptions from the interior of the aun ; nothing can be more 
divei;geut than the opinions which have been brought forward 
OS explanations of these appearances. 

We at once see that, if we assume that this met^oritic action 
may take place in the solar atmosphere, it need not necessarily 
be, and, in all probability, is Tutt a meteoritic action coming 
from without. 

Taking our own case; we live in a damp climate, and some- 
times the air is dampest when there are no clouds. Clouds are 
condensations of the moisture in the air, and we know tliat it is 
not really a question of clouds only ; we may havi; snow, rain, 
or hail, and all these represent different condensations of the 
damp — or, as we call it, the aqueous — vapour which is eier 
present in our air. Apply that to the sun. ^Vhat is the air of 
the sun composed of ? Certainly one important constituent of 
it is the incandescent vapour of iron ; we are no longer dealing 
with a low temperature and the vapour of water, but with an 
atmosphere in the hotter parts of which iron is not solid or 
liquid, bnt in which the temperature is higli enough to keep it 
in a state of gas, probably thousands of degrees higher than is 
arrived at in the Bessemer process. 

We will assume, then, tliat that temperature and that con- 
dition of atmospliere prevails for 20,000 miles above the photo- 
sphere of the sun. As we get further from the sun, the atmo- 
sphere is, of course, getting cooler, and at some distance above 
the photosphere the temperature will certainly be so reduced 

B 2 
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that the iron vapour may play the jmrt of our aqueous vapour; 
then it condenses and turns into iron snow and iron hail and 
iron rain, and so on, falling upon the photosphere as the rain 
falls on the earth. There is thus a possibility in the aun of 
home-made meteoritic action. 

These conclusions raised a great many interesting questions. 
We h(id the sun, to judge by the divergence in the spectral 
phenomena, hotter than iinytliing we could get at ia our 
laboratories ; if we accepted the prevailing notion of the con- 
stitution of other celestial bodies, we found in the nebulae bodies 
which, according to the then received notions, were themselves 
fio hot that the light which was radiated by them came from 
hydrogen or somethuig finer than hydrogen, associated with 
nitrogen or something finer than nitrogen ; in other words, the 
nebulfc were stated to be masses of gaa hotter than the sun. 

If then the sun, as representing the stars, is very liot and the 
nebulns are very hot, where weie tlie cooler bodies in space ? 
U was therefore very important from the solar physics point of 
view that this q^uestion should be investigated, and to do this 
the first thing to be accomplished was to detennine, if possible, 
the sun's place among the stars, and to learn more, if possible, 
concerning the stars themselves. 

I determined to see how all the spectroscopic observations 
wliich had been inaile up to 1880 bore out a suggestion which 
had been made in 1871 by Professor Tait, before there was 
very umch spectroscopic evidence to go upon. The result was 
that my assistants and myself spent something like three years 
in gathering together, we believed, every available observation ; 
at all events, if not every available observation, there were 
between thirty and forty thousand of them, and we found tliat 
a very considerable number. I not only determined to collect 
tliem, but also to discuss them, and make any experiments or 
observations which might be suggested by the discussion. In 
order to effect this, the years 1887 — 1890 were spent in 
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bringing together and c<i-ordinating the observationa whicli 
had been made up to tliat time on tlie spectra of the various 
orders of cosmical bodies in connection with labomtoiy work. 

The hypothesis to which I was led seemed to indicate tlie 
Bun'a place among the stars beyond all qaestion, but, more 
important even than this, it suggested tliat meteoritic action 
was accountable for very much more tlian the production of 
many of the solar phenomena. 

Wliat I found waa that when we discussed all the observa- 
tions we could get together, and in relation to stars aa well as 
nebulie and comets, a meteoritic origin of the various classes of 
heavenly bodies seemed to explain many things, and threw a 
perfectly new light upon the visible universe ; there were, 
moreover, several points raised of intense novelty and freshness, 
each of which could he discussed separately, cast aside if it 
were false, and held on to if it were true. 

The following were the most important conclusions which I 
refer to in what I consider to be the order of their import- 
ance: — 

1. There ia the closest possible connection between nebuhu 
and stars. They represent two stages in an evolutionary 
scries. 

2. The first or nebulous stage in the development of cosmical 
bodies is not a mass of hot gas, but a swarm of cold meteorites. 

3. Many bodies in space wliich look liice stars are really 
centres of nebula! : that is, of meteoritic swarms. 

4. Stars with bright-line spectra must be associated with 
nebulie. 

5. Double swarms, in any stages of condensation, may give 
rise to the phenomena of variability. 

6. New stars are producetl by the clash of met«or swarms. 
They are closely related to nebulic and bright-line stars. 

1. Since on the meteoritic hypothesis some of the heavenly 
bodies must be increasing their temperature, while others are 
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decreasing it, a new classification of the heavenly bodies is 
demanded, based on the varying states of condensation of the 
meteoiitic awai-ms. 

The complete investigation gave as an answer to the question 
which had suggested it, that the sun is one of those stars 
the temperatiiie of which ia rapidly decreasing;, and that many 
of the changing phenomena of the sun are due to the fall of 
meteoritic matter upon the photosphere. 

There are few thinsja more remarkable in the recent Jiiatory 
of astronomical work than the enormous expansion of our 
knowledge on many of the above points within a very short 
period after the new views had been put forward. 

Almost all the observations discussed in my book entitled 
The Meteoritic Hypothcais were made before the year 1888. 
That year really marks an epoch in astronomical observations, 
and the results achieved since that time are remarkable for their 
miraber and importance, so much so that the new work to be 
now discussed equals, in many lines of the inquiry which now 
concerns us, the volume of all preceding observations. Indeed, 
it would be very difBcnIt to over-estimate the enormous advan- 
tages under which such work is now carried on ; advantages in 
that now, when any question is put to any part of the heavens, 
■we know that there are many good workers employed under the 
best possible conditions to get the particular information that 
we want recorded for the most part by photography. 

It is not wonderful, then, that with euch advantages in every 
branch of inquiry we find advances gigantic, marvellous, almost 
beyond belief. 

Owing to this, it has been possible in subsequent discussions 
to replace most of the old observations (which by many I have 
been blamed for using, although they were the only ones 
available at the time), by others, in the securing of which all 
the resources of modern science and skilled investigation have 
been employed without stint. Not only ia there much new 
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matter to discuss, but the area of fact has been enonnously 
widened, and this is all important when the testing of new 
views is in question. 

Some of the most important points I propose, therefore, to 
discuss again in the light of the new work, but before I do so it 
will be well to dwell for a little on the recent appliances to 
which I have referred. It seems especially desirable to indicate 
the classes of instruments from which this new work has come 
— ^work which so overshadows the old that in only a few years 
the old observations will cease to be considered altogether when 
definite numerical statements have to be made. 
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When wc come to consider in detail the reason of the recent 
advance in observing powers, there can be no question that in 
the main it is due to the larger dimensions of the telescopes 
brought to bear upon physical inquiries. 

I am sorry to say that with regard to the refractor the centre 
of gravity of the activity has left our country and has gone out 
West. We have to look to our American cousins for a great 
deal that we want to know in these matters, for the reason that 
now they not only have the biggest refractors and most skilled 
observers, but also they have been wiser than we — they have 
occupied high points on the earth's surface, and thus got rid ot 
the atmospheric difficulties under which we suffer in England. 

I may here refer to one of the most perfect pieces of work- 
manship in the world, constructed to investigate the phenomena 
of the heavens — the Lick Observatory, situated at an elevation 
of 4,000 feet on Mount Hamilton. Mr. Lick, the founder, has 
made his name immortal by helping on the progress of man- 
kind. I wish some Englishman would immortalise himself in 
the same way. The principal instrument of this great observa- 
tory is a refracting telescope having an object-glass 3 feet in 
diameter, and a tube 56 feet in length. This is practically the 
most important telescoi)e in the world at the present moment, 
and to give an idea of the wonderfully broad way in which tlie 
authorities have gone to work, I need only state the following 
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fact. In an observatory it is sometimes dMciilt to get the 
observing chair at the right height or in the right position for 
observing a star or any celestial body with any comfort. The 
Americans get over this by simply raising the tloor. By means 
of hydraulica the enormous Hoor, some 80 feet in diameter, is 
moved up and down with the chair. 

Mount Hamilton, in the Northern HeinispheTe, was re-echoed 
in 1891 by the Harvard College Observatory, at a height of 
8,000 feet at Arequipa in the Southern Hemisphere, and not 
only so, but the 3C-inch Lick telescoi>e will soon be oiit-distaoced 
by one of 40 inches aperture, also in the United States. 

Tlie Yerkes Observatory, which is to shelter this enormous 
refractor, was founded in 1892 by Mr. Charles T. Yerkes, of 
Chicago. It is siiidlar to the 36-inch Lick tfileacope, but is heavier 
and more rigid, and many improvements have been introduced. 
An important feature, long ago suggested by Grubb and others, 
but apparently employed for the first time in this telescope, is a 
system of electric motoiR, by means of which the variouw 
motions, etc., are effected. The object-glass, by Clark, has 
recently been tested by Professor Keeler. The definition was 
found to be fully equal to that of the Lick telescope, while the 
light gathering power is considerably greater. The attachment'* 
of the Yerkes telescope will include — 

L A position micrometer by Warner and Swasey. 

2. A solar spectrogi-npli for micrometrical and photographic 
investigations of the spectra of solar pheiLomena. 

3. A speetroheliograph for photograijhing the solar chromo- 
sphere, prominence, and facuke by monochromatic light. 

4. A stellar spectrograph for researches on Uie siiectra and 
motions of stars, nebula?, comets, and planets. 

5. A photoheliograph of great focal lengtli for iihotographing 
the direct solar image on a large scale. 

The dome is 90 feet in diameter, allowing ample space for 
the tube of the great telescope, which, with its attachments, is 



THE SUN'S PLACE IN NATDEE. 



[.« 



nbout 75 feet long. Tlie elevating floor of the observing room is 
75 feet in diameter, and will be movable tlirough a range of 
22 feet by means of electric iiiotora. 

The instrument is now approaching completion. The accom- 
panying figure will give an idea of ita enormous dimensions. 




FlO. 1.— Erctting tho dnuliniition i 



Is of the Yerkea 40-iiic!i refractor. 



But, thauka to the skill and generosity of Dr. Common, 
England's position with regard to reflectors bos been vastly 
improved. Some of my own later work I slial! have to refer to 
has been done by a 30-inch silver on glass mirror which he waa 
kind enough to figure. Others, of various sizes up to 5 feet. 
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are to be found at Ealing (his own obaervatoiy), the Solar 
Physics Observatory ai Kensington, Greenwich, and Cam- 
bridge. 

So much then for the increased supply of the astronomer's 
Taw material — celestial light. 

I have next to point out that the gradually lengthening 
exposures given to photograplis of star-clusters and nebula- has 
enormously extended our knowledge. 

In this region of inquiry we have perhaps one of the most 
important instrumental advances, and the importance of it is 
not reduced by the fact that it was quite undreamt of when 
phob^iraphic processes were introduced. Wliat we hoped to 
obtain were series of peiTnanent and unbiassed records, but it 
did not strike us that the phott^rapliic processes could furnish 
OB with records of phenomena wliich the eye has never seen and 
IB never likely to see. Now that ttiis benefit is known it is 
quite easy to explain it. No tyro using even the Bmalleat camera 
but Hiwn learns that the pictures he wishes to take may be 
easily over- or under-exposed, according to the time of eximaure 
given. In the photograpluc process, therefore, he recognises 
that, unlike the case of the human eye, the longer an image is 
aIlowe<I to impress it«elf on the photographic plate, the brighter 
it becomes ; in other words, very feeble luminous objects ex- 
posed for a considerable time will be recorded, and so on with 
increasingly long exposures, till at last a visible image is pro- 
duced of an object utterly invisible to the eye. This then, 
shortly slated, is the origin of much modem work. Up to the 
present time the exposures have l>een increased to such an 
«xlent that thirty or forty hours is not out of the question. 
tChis means, of course, that the object, be it star or nebula, has 
to have a telescope pointed so perfectly to it that on as many 
successive nights as may be necessary, the images fall abso- 
lutely on the same part of tlie plate. It is obvious that this 
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requires a perfection of pointing auj adjustment which was 
undreamt of a few years ago. 

One of the moat important telescopes in the world at present 
is Dr. Eoljerts' reflector, with which long exposure represen- 
tations of the heavenly bodia"! have been produced ; these I 
shall have to refer to at one time or another in relation to 
different branches of our subject. In this instrument (Fig. 2) a 
reflecting telescope of 20 inches aperture is combined with a 
refractor of 7 inches aperture. The refractor is used as a 
guiding telescope, and ensures that the images of the stars and 
nebuhe fall on the same part of the photographic plate which 
is being exposed in the reflecting telescope throughout the whole 




time of tJie exposure. Even with the best driving clocks, suelt 
a guiding telescope cannot be dispensed with when the exi;»o- 
Hures are prolonged for the number of hours necessary in some 
cases. 
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next turn to the improved methods of obtaining the 
tra of the various heavenly bodies. 

have gone so fully into tlie questions connected with 

•ctrum analysis in a companion volume' that I need not 

large upon it here, but by way of reminder I may in a few 

words show exactly the function of this new instrument of 

enormous power, wliich has in a very few years perfectly 

changed the aspect of astronomic science. 

One key to the hieroglyphics, the light story, whicli is hidden 
every ray of light, is supplied to iia by the rainbow. It 
iches U3 that the white light, wliich nature Ijountifully supplies 
with in sunlight, i? composed of rays of diflerent kinds or of 
ferent colours ; and it is common knowledge that there is an 
almost perfect analogy between these coloured lights and sounds 
of different pitches. 

The blue of the rainbow may be likened to the liigher notes 
the key-boanl of a piano, and the red of tlie rainbow, on the 
iher hand, may bo likened to the longer sound waves, wliich 
produce the lower notes ; an<l as we are able in the language of 
music to detine each particular note, such as B flat and (i 
sharp, and so on, so light-waves aie defined by Uieir colours or 
kngths. 

What nature accomplishes by a rain drop we can do with a 
im. Tf we pass a ray of white light through a prism, we find 
lat after the light has so passed through, it is changed into a 
utiful band, showing all the colours of the rainbow. Such 
a prism is the fundamental ytast of the instrument called the 
Hpectroscope, and the most complicated specti-oscope which we 
can imagine simply utilises the part wlucli tliis piece of tri- 
angular glass plays in breaking up a beam of white light into 
its constituent parts from the red to the violet. Between these 
colours we get that string of orange, yellow, green, and blue 
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wliicli we are familiar with in the rainbow. For sixpence any of 
us may make for ourselves an instrument which will serve many 
of the purposes of demonstrating some of the more beautiful 
fields of knowledge which have been opened up to us by its use. 




Fip 



Fia. 3. — A aimple form uf spectroscope. 
11 an optician we can get a tiny prism for sixpence ; glue it 



atone end of a piece of wood about 12 x 1 x ^ inch, ao that wo 
can see through it a coloured image of a needle stuck in iit the 
other end of the piece of wood (Fig. iS). This we must do by 
looking sideways through it. Allow the needle to be illu- 
minated by the flame of a spirit lamp into which salt is 
gradually allowed to fall. "We see one image of the needle 
coloured in oi-ange. 

If we next illuminate the needle by a candle or a gas flame, 
taking care that the direct light from tlie candle does not fall 
upon tlie face of the prism, we then get no longer an image 
of the needle but a complete baud of colour from red to blue. 
We have in fact an innumerable multitude of images of tlie 
needle close together. 




1^ 
Iff' 



If we finally go into the sanlight — taking care again to 

ielil tbe pi-ism, and allow a sunbeam to illuminate the needle, 
[et a spectrum of a different kind, inasmuch as it is full of 
dark lines, that is. some of the coloured rays are lacking and 
heni-e an image of the needle is not forthcoming. The positions 
of some of the chief dark lines lettered by Fraunhofer are 
shown in Fig, 11. 

By such experiments as these, certain spectroscopic axioms 
phavc been formulated ; three of tliem are very important. 
* Fii^st, when solid or liquid or densely gaseous bodies are in- 
candescent, they give out continuous spectra. 

Second, when a solid or liquid body reduced to a state of gas, 
ot any gas itself, ia giving light, the spectrum consists of bright 
images of the slit, and these are different for different sub- 
stances. 

Third, when light from a solid or liquid or densely gaseous 
body passes through the gas at a lower tempemturi!, tlio gas 
absorbs those particular rays of light of which its own spectrum 
consists at that temperature. 

We generally talk of " line " spectra for the reason Ujat a 
narrow slit ia employed, the image of which is a line. In these 
" lines " seen in the spectra of the heavenly bodies we have so 
many celestial hieroglj'pliics which we have to translate into 
chemical language by comparing their positions with those we 
observe in the spectra of terrestrial light sources. As for the 
determination of position we are enabled to do this with pcr- 
foct dufiniteness, by considering the icavt-lciu}lh of the par- 
ticular colour with wliich we have to deal. The wave-length is 
generally expressed by four figures, giving the length in tt'ii 
millionths of a millimetre. Having these wave-lengths wo may 
define the quality of every kind of light which reaches the 
lan eye, whether from a terrestrial light source, ihe aun or 
other celestial liody. 
y making careful wave-length comparisons between lerrus- 
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trial anil celestial spectra, we can determine, therefore, whetlier 
ill different parts of space we have the same chemical substances, 
or aubatoncea perfectly and completely distinct ; we can even go 
further, and say whether the substances are known or unknown 
to ua here. 

For the most powerful spectroscopes employed in modem 
research we are as much indebted to our American cousins as 
we. are in the case of the largest refractors. Spectra are now 
for the most pait obtained by the use of reflection from difl'rac- 
tion gratinga Rutherfiird was the first to silver a diffraction 
grating ruled on glass ; Rowland followed him by ruling at once 
on speculum metal, and then made a step further in advance by 
using concave gratings, thus doing away with the use of lenses. 
All, or nearly all, the best recent work I shall have to appeal 
to in the succeeding chapters has been produced by means of 




e, aiTiingcd for pliotogniplijr, attached to pje-e 
reflecting t<[e»cope. 
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ratings, and one enormous advantage connected with this 
Dietbod is that the resultant spectnmi is one ol' wave-lengths 
■which are, therefore, more easily and accurately determined 
directly this way than indirectly by means of dispersion by 
prisms. 




. — Ttc rjt-cnii o( llie Lkk UlMcope milli nwttruji'..iwi 



' alUclinl. 



18 THE SU^^'S PLACE IN NATURE. [chap. ii. 

For obtaining tlie spectra of the stars and nebulas, one 
method is to attach a spectroscope of the ordinary kind at the 
eye-end of a telescope, whether refractor or reflector. And of 
course the more powerful and elaborate the instrument, the 
greater the accuracy in the determination of wave-length 
which is to* be expected. 

As an instance of one of these attachments I give a drawing 
of the eye-end of the Lick telescope with a spectroscope 
attached, for the importance of spectroscopic work was not lost 
sight of in the equipment of the Observatory, and a very 
powerful spectroscope is used in conjunction with tlie great 
equatorial for observing or photographing the spectra of the 
various celestial bodies. 

The above, however, is not the only metliod of obtaining the 
spectra of stars, and indeed if pliotography be employed, the 
arrangement described in the next chapter does away with the 
employment of an ordinary spectroscope altogether. 
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CHAPTER III.— THE PRISMATIC CAMERA. 



DesCUII'TION. 

Fraunhofcr, at the beginning of tlie present century found 
that to observe tlie spectra of stars the best tiling to do was 
to put a prism outside the telescope, and to let the light enter 
the telescope and be brought to a focus after it had passed 
tlirough the prism ; and it is a most unfortunate thing, that the 
neglect of the api)lication of this principle has landed us pro- 
bably in a delay of fifteen or twenty yeai*s in gathering know- 
ledge on this subject. The whole credit of reviving this idea 
is due to Professor Pickering, of Harvard, who since its applica- 
tion has been able, with the aid of the large funds that he has at 
his disposal, and the magnificent help which he has accumulateil 
round him, to obtain pmctically the spectra of all the stars 
down to the fifth or sixth magnitude in botli hemispheres. 
In a few years* time we shall be able, thanks to his labours on 
the Dr.iper Memorial, to work on the spectra of all the stars in 
both hemispheres, just as well as we can at present deal with 
their magnitudes and positions by the sUir charts. 

My own attempts in this direction have had a much more 
limited scope. I have dealt with some of the brighter stars 
cliiefly with a view to determining the sun's place among 
them. 

The main instrument employed in this work has l»een a 
G-inch ix'fmcting telescope, with an object-glass made and 
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corrected for G (see Fig, ll)by the Brothers Henrj-. This was used 
in conjunction with a prism of 7^° of dense glass by Hilger. 
The object-glass and prism ave fixed at the end of a wooden 
tube, which is attached to the side of the 10-incli equatorial, at 
such an angle tliat the spectrum of a star falls on the middle 
of the photographic plate when its image is at the centre of the 
field of the larger inatinment. The camera is arranged to take 
plates of the ordinary commercial size, 4J x 3J inches. The 
spectra obtained with this instrument are 0"6 inch long from 
F to K. An excellent photograph of the spectrum of a first 
magnitude star can be obtained with an exposure of five 
minutes. Afterwards a 6-inch prism, with a refracting angle 
of 45°, obtained from the Brothers Henry, was used with the 
Henry 6-inch object glass. The spectra obtained with the 
latter are two inches long from F to K, and the definition ia 
exquisite. In some photographs the calcium line at H is very 
clearly separated from the line of hydrogen, which occupies 
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Tcry nearly the same position. It is uniieoessary to swing the 
Imck of the camera in order to get a perfect focua from 
r to IC The deviation of tlie priam is ao f^reat that it would 
I be veiy inconvenient to incline the tube which aupports it at 
I the proper angle to the larger telescope. When photographing 
I the B|>ectmm of a star, therefore, the star ia first brought to the 
I centre of the tield of the large telescope, and the proper devia- 
I tion is then given by reading off on the declination circle. Tliis 
I method has been found to work quite satisfactorily. 

With this combination the exposure required for a first mag- 
I nitiide star is about twenty minutes. 

Kor the fainter stars, the G-inch prism of 7^° ha.q been adapted 

' to a Dallmeyer rectilinear lens of 6 inches aperture and 

48 inches focal length. At times two prisms of 1^° have been 

used on a 10-inch equatorial, Tlie method of mounting ihe 

]H*isma is shown in Fig. 7. 



The Clock IUtk. 

Since the spectrum of a point of light such as a star ta a line 
80 fine that the spectral lines would not be measurable, it is 
necessary to give it breadth. This ia done by adjusting the 
prism so that the spectrum lies along a meridian of right 
ascension and altering the rate of the clock. 

It is worth while to dwell a little on this clock error, and the 
wiiy it is produced. 

The proper regidation of this clock error and consequent 
"trail" of the spectnmi across the plate parallel to itself are 
essential to the success of photographs taken by the objective 
priam. The spectrum of a bright star must obviously be made 
to trail more quickly than that of a fainter one, and a shorter 
exposure is suflicient. Since for the same clo(.-k error, and in 
the same time, a star near the pole will give a shorter truil 
r Uun one nearer Uie equator, decUnation must also i^ tnken into 
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account. Keejiing a ronstiiiit clock error, eq^ual widths of 
spectrum for stara <if (Jifferent deeliuations may Ije obtained by 
lengthening the time of exposure for stars away fi-om the 
equator, but iu that case tbe stars near the pole would be 
o^'e^-exposed in relation to those nearei' the equator. 

The exposure given to stars of equal magnitude should 
evidently be the same, no matter in what part of the sky they 
jiiay be situated, and the clock enor should therefore, be 
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increased in proportion to tlie secant of the angle of declina- 
tion. 

The light-ratio of stars being 2*512'*, where n expresses the 
difference in magnitude, the time of exposure must vary in the 
same proportion, and the clock error in inverse proportion. 
Tlius, where five minutes* exposure is sufficient for a first- 
magnitude star, thirty-one minutes is required to obtain a fully- 
exposed spectrum of a star of the third magnitude. This law, 
however, only applies to photographic magnitudes, and must be 
modified according to the tyi)e of spectnim or the colour of 
the star. 

The red stars, being much weaker in blue and violet rays 
than the yellow or white stars, require much longer exposures 
than white stars of equal magnitude. To obtain a spectrum of 
yS Pegiisi extending to the K line, for example, at least three 
times the exposure rec^uired by a white star of similar magni- 
tude must be given. 

For conveniently adjusting the exposures, tables have been 
constructed which sliow at a glance the i>osition of the i-egu- 
lator for a star of given magnitude and declination. 

It is obvious that with an instrument of high dispersion, the 
number of stairs it is possible to ]>hot()graph is very limited, as 
the long ex]K)sures re(|uire<l for the fainter stars are imprac- 
ticable, and, even if possible, the definition of the lines would 
be destroyed by atmospheric tremors. 

Hence, it is at present only possible to photograph the spectra 
of the faint stai^ on a very small scale. With an objective of 
8 inches aperture and 44 inches fcKial length, and a prism of 
13® refracting angle. Professor Pickering has photographed the 
8i>ectra of stars down to the eighth magnitude. These spectra 
are about 1 centimetre long, and a millimetre broad, and though 
they do not show a very great amount of detail, they are suffi- 
cient to reveal the tyjw of spectrum. 

With an instrument capable of photographing faint stars, a 
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large number of spectra may be taken at one exposure ; but 
with the instruments of larger dispersion, this is not generally 
the case, as there are few bright stars of nearly equal magnitude 
sufficiently close together. 

The Electrical Conthol. 

In consequence of the great accuracy required in the driving 
of the telescope when long exposures are necessary, the 10-inch 
equatorial has been fitted with a simple and inexpensive form of 
electrical control. This is a modification of that designed by 
Mr. Eussell, of the Sydney Observatory.^ The existing driving 
gear has been altered so that the driving rod performs its revo- 
lution in a second, and the motion is then communicated to the 
driving screw through a small worm wheel. The driving rod is 
vertical and in two parts, the lower portion ending in a faced 
ratchet wheel, 3 inches in diameter, and with 200 teeth. The 
upper part of the rod ends in an arm at right angles to itself, 
and this arm carries a ratchet of suitable sliape, held down by 
an adjustable si)ring. An electro-magnet connected with the 
controlling pendulum, is arranged so as to only permit the 
ratchet to pass it once a second (see Fig. 8). If the clock be 
driving too quickly, the ratchet is held until the stop is raised 
by the pendulum. When held in this way the ratchet is lifted 
out of the teetli, and the driving clock itself is not affected. 

In order that this form of control may be effective, it is essen- 
tial that the clock should be going a little too quickly, as the 
control is only capable of retarding the driving-rod. 

The controlling pendulum is, of course, regulated to the rate 
required for the particular star which is being photographed. 

In Mr. Eusseirs form of control the two parts of the driving 
rod are connected by friction plates. It was found, however, 
on testing this arrangement, that when the upper portion was 
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I held by the electro-niagiiet, the rata of the goverDors was 
Isenoitsly retarded; hence I introduceil a ratchet wlieel, and its 
I irorking leaves nothing to be desired. 



EnLAKCEMEKTS op hie NEOATlVKa. 

Many of the u^ativea tdken have been enlarged almul nine 
I tiuiea on glass, and further copies linve been taken on bromide 
i paper, bringing the enlargement up to about twenty-five times 
the size of tlie originaL 

Owing to various causes the photographic sjiectra obtained 
by the method of tniils show inx'gularities resembling the lines 
along the 8j>ectrnm observed when the slit of a siwctroecojM! is 
[ partly <-logged with dust. It has keen noticed Uiat Uie period of 
I the irregularities is equal to the time of revolution of the main 
[- driving screw of the telescope, and henw tliey may be accounted 
I for by supposing the driving gear lo be mechanically imperfect. 
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In tliat case some i>l' the parallel lines which by their juxta- 
position form the brc«dened spectrum, are superposed, while 
others are drawn opart, thus giving rise to dark and hvight lines 
parullel to the length of the spectrum. These lines are more 
apparent in the case of bright stars than fainter ones. If the 
telescope were driven with perfect regularitj' and the atmosphen.' 
were quite steady, we should obtain a spectrum of uniform in- 
tensity along its width. Tliia condition has very nearly been 
obtained in some cases. 

The ir regularities above described are eliminated in the en- 
largeil negatives by giving them a very slight up-and-down 
motion during exposure in a direction parallel to the lines of 
the spectrum. This was originally done by hand, but a negative 
holder has been constructed in which the necessary motion is 
given to the negative by a small driving clock, 

A diagram nf the yrniununient is ^ivcn buluw. The only 




drawback to this method is that defects of the film are apt to 
produce, by a succession of their images on the enlarging plate, 
lines (generally very faint) which have a semblance of the true 
Bpectrura lines. 
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To distinguish the real lines from the artificial ones, a direct 
enlargement of the 8pectrum is made on the same plate along- 
side the other, tlie to-and-fro motion being dispensed with. By 
a comparison of the two enlarged strips, one can see at a glance 
which are the true lines of the spectrum, and whicli are those 
l)roduced by small irregularities on thci film. It may be stated 
that Dr. Scheiner has also used a somewliat similar metliod to 
the one described, the only difference being that he caused the 
piate on wliich the enlargement was to be taken to have the 
oscillating motion, instead of the original negative. The 
method employed by me, tliough no account of it had been 
publisheil, liad been in use for some time before Dr. Scheiner's 
method was announced.^ 

The definition of the negatives obtained by means of the 
objective prism is of such excellence that they may be almost 
indefinitely enlargetl, and this gives tliem a special value wlien 
we come to investigate the snmller differences between stars 
which have more or less resemblance to each other. Pmctically 
we are abh^ to disiHjnse with elaborate micrometric measure- 
ments, and l>y placing tlie enlargements alongside each other, 
to see at a ghmce wliich lines agree in position and wliich are 
different. 

So much, then, for the recent vast imi)rovement in our 
methoils and instruments of research. It is, I think, abun- 
dantly clear that by means of the new aiils whicli have l)een 
placed at our disposal, the recent improved condition of 
our stock-in-trade, and the wonderful diligence and skill of 
observers, chiefly in America, who have taken up the new work, 
we are now in a very much l>etter position than we have ever 
been before to investigate all questions dealing with the 
chemistrv and phvsics of the stai*s. 
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CHAPTER IV.— THE DISCOVERY OF HELIUM. 



TiiE Line I)^ 1868. 

In the year 1868, spectrum analysis was first \itiliseJ in 
endeavouring to unravel tlie message which was conveyed to 
us by a most interesting eclipse observed in India. The 
diagrams will indicate the kind of record w^th wliich we have 
to deal in studying these celestial hieroglyphics. We are in 
one part dealing with the long waves of light, the red ; we are 
in the other dealing vvitli the sliorter waves of light, the blue. 
The work done in that eclipse is indicated by the bright lines — 
the hieroglyphics — whicli, when translated as they have been, 
describe for us the chemical nature of the particular stuff in the 
sun, wliich made him put on a blood-red appearance " on his 
getting out of his eclipse." Taking the notes in the light 
scale which are lettered in the ordinary spectrum of sunlight, 
in order that they may be easily recognised and remembered, 
we learn the particular qualities of the light emitted by the 
blood-red streak. 

We have one quality represented by the line D, another at 
C, and another at F. According to the diagram, one of the 
lines is in the position of I). One observer said it was " at D, 
or near D." 

Soon after this eclipse was observed in India, a method, long 
before formulated, of studying the blood-red streak surrounding 
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■ lie BUn without waiting for an eclipse was brought into 
oijeration. 

By this method it wiis quite easy to make observations 
whenever the suo was shining, perfectly free from any of the 
difficulties attending the hurry and the worry and the excite- 
ment of an eclipse, which lasts only it few seconds. 







KOO 


VfOO 


1«00 


<eoo 


™. 






III M 


n c 


it 




■t/ 


f 





Fio. 10.— Pognon'i dUgf»ni of llie •pcctrt of Ihe wu'i »urtomiding» in the 
EflipM of 1G68. Ihe bright liUM Men are >bown in the uppar p*rt 
of the diagnm i tho chief lino* in the Mlar ipBctrutu, reJ to the left, 
blue to the right, oro iltowTi in the loner part. 
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FlO. II. — SummBtion of the obsorriitian* ol the tpcotruni of thi> *un'> 
•imoaDdingt in the Ectipwof ltH>8. (1) Sutar >|N>otruiii ahoviiig t>>« 
paulioa of tlie chiot Iium. (2) Rajet'* oUerrntion* of bright line*. 
(3) Hencktiri obtemtioDi of bright Unci. (4) TeiinuitV. 
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Further, as the mutlioil consists of throwing an image of tbf 
gun, formeil by a telescope, on to the slit of a spectroscope, so 
that the spectrum of the sun'a eilge and of the suu's suiTouud- 
ings can he seen at tlie same time, exact coincideuce or want of 
coincidence between the bright and dark lines can be at once 
determined. During an eclipse this of course is not possiblii iw 
the ordinary spectrum of the sun, with its tell-tale dark lined, 
IB invisible, because tlie sun, as we ordinai'ily see it, is hidden 
by the moon. 

Working, then, under such very favourable conditions, it was 
seen that there was certiiinly a reil line given by this lower part 
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cidence of the red line witli Ibe dark llae C. 



of the solar atmosphere coincident with the very important line 
in the solar spectrum which we call C. (Fig. 12.) 

Another part of the spectrum in the blue-green was examined, 
and there again it was seen that the pai-ts outside the sun gave 
us a bright line exactly in the position of the obvious dark line 
in the solar spectrum which is called F (Fig. 13) ; so that with 
regard to those two important lines, there was no doubt whatever 
that we were dealing with the substance which produces these 
dark lines iu the solar spectrum. 

. Fig. 14 is a diagram of the yellow, or rather the orange, part of 
the solar spectrum, showing two very important lines, which are 
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called the lines D, due to the metal sodium, the investigation of 
which was just as important in solving the celestial hieroglyphics 
we call spectral lines aa the lioFctta stone was important in 
settling the ijuestioD of the Egyptian ones. 

Pogson, in referring to the eclipse of 1868, said that the 
orange line was " at T), or near D." We see from the lUagram, 



Fio. U.— Tbe m 




Fig. 14, that the new method indicated that " near D " wus tin; 
I true definitiou. The line in this position in the spectniui, 
L unlikr tlie ulJier two lines which I have indicated, has no con- 
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nection at all with any of the dark lines in the ordinary solar 
spectrum. We were therefore perfectly justified in attaching 
considerable importance to this divergence in the behaviour of 
this line, taking the normal behaviour to be represented by 
the two strong lines in the red and the blue-green. The new 
line was called D^ to distinguish it from the sodium lines D* 
and D*. 

A considerable amount of work was done with regard to the 
orange line. It was found that there was no substance in our 
laboratories which could produce it for us, whereas in the case 
of the line D we simply had to burn some sodium, or even 
common salt, in a flame to produce it ; and the other lines in 
the red and the blue-green were easily made manifest by 
enclosing hydrogen in a vacuum tube and passing an electric 
current through it, or observing the spectrum of a spark in a 
stream of coal-gas. 

Now at the fii'st blush it looked very much as if this line was 
really due to the same element w^hich produced the others at C 
and F, and it was imagined that the reason we did not see it in 
our laboratories was because it was a line which required a 
very considerable thickness of hydrogen to render it visible. 
That was the first idea, and Dr. Frankland and myself found 
that there was very considerable justification for this view^ 
because a simple calculation showed that the thickness of the 
solar atmosphere, which was producing that orange line under 
the conditions which enabled us to see it in our instruments by 
looking along the edge of the sun, was something like 200,000 
miles. 

Hence, in order to get a final decision on this point, there 
was nothing for it but to tackle the question from a perfectly 
different point of view, and the diflerent point of view was this. 
The work had not gone on very long before one found minute 
alterations in the positions of these lines in the spectrum ; the 
orange line, for instance, might sometimes be slightly on one 
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aide, and sometimes oa the other, of its normal portion. 
Further work showed that in these tto-called " changes of wave- 
lengtli " we had a precious means of determiaing the rate of 
movement of the f^aaes and vapours in tlie solar atmospliere. 

Pig. 15 indicates how these changes of wave-lengths an* 
shown in the spectroscope. The lines are contorted in both 
directions, and sometimes to a very considerable extent, indicat- 
ing wind movements on the stin, reaching, and sometimes 
exceeding, 100 miles a second. 




Fia. IS. — Clungu of wkTcleagth of the F livdrjgen line wiitn a tuitir 
c^cions ta obsenad. A, the crliangD towanli the bine indiotlei lI»> 
kdrancin^ liHe of cydooo. C, tli« change toward* tlie red iiidic>t» 
the retreittjiig tide. B, the whole vjvlone u included ia the vidth of 
the ilit, >nd both chsDg« of wsie-leiigth arr Tuibte. 



We lifld here a means of detennining whether the orange line 
was produced by the same gases which gave the red and blue 
lines, because if ho, when we got any altcnitiou in the position 
of the red and blue lines, which always worked tt^elher, wb 
should get an eriuivalent alteration in the position of the orange 
one. 

I found that the omnge line behaved quit* diilerently from 
either the red or the blue lines ; so then we knew that we were 
not dealing with hydrogen ; hence we had to do with an 
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elemeut which we could not get in our laboratories, and there- 
fore I took upon myself the responsibility of coining the word 
helium, in the first instance for laboratoiy use. At the time I 
gave the name I did not know whether the substance which 
gave us the line D^ was a metal like calcium or a gas like 
hydrogen, but I did know that it behaved like hydrogen and 
that hydrogen, as Dumas had stated, behaved as a metal. 

This kind of work wcLt on for a considerable time, and what 
one found was, that very often in solar disturbances we certainly 
were dealing with some of the lines of substances with which 
we are familiar on this earth ; but at the same time it was very 
remarkable that when the records came to be examined, as they 
ultimately were with infinite care and skill, it was found that 
not only did we get this line in the orange indicating an 
unknown element associated with substances very well known, 
like magnesium, but that there were many other unknown lines 
as welL Within a few months of my first observations, several 
new lines about which nothing was known were thus observed. 

The Discovery of other Unknown Lines, 1869. 

The plaae of the orange line D* I determined on 20th October 
1868. Among many other lines behaving like it, two at wave- 
lengths 4923 and 5017 were discovered in June, 1869, and 
afterwards another at 6677, while Professor Young noted 
another in September, 1869, at 4471. He wrote : — 

** I desire to call special attention to 2581*5 on KirchhoflPs scale, 
the only one of my list, by the way, which is not given on Mr. 
Lockyer^s. This line, which was conspicuous at the Eclipse of 1869, seems 
to be always present in the spectrum of the chromosphere. ... It has 
no corresponding dark line in the ordinary solar spectrum, and not 
improbably may be due to the same substance that produces IP." 

The wave-length of this line on Rowland's scale is 4472. 
Tliis same line was noted also by Lorenzoni, and named /. 
Another line at 4026 was added later by Professor Young. 
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a. 16.— Taocliini'« obsernlioni of loo (light lolor diiturbanc 
thoviiig the height to which the lajer^ of the different giu 

eitended ; aeit roiDea a gu of itill unkaoim origm, indicKt. 

witli regard to aokr disturbances. I^t me r 
J a diagram indicating some results arrived at 
observers (Fig. Hi). We are dealing vfith tlie spectr 
of two slight dismrbannes in a particular part 
mosphei-e. The spectroscope tella ua that in that 
ras a quantity of the VRjHJur of magnesium wl 
J in that place. Then we Bud that another sat 
fhich we again know nothing whatever, ia also vi 
^on, and then we get the further fact that in tho 
disturbaucea we get four other spoctrul lines indie 
isturbed, and of those four lines we only know abo 
at way it very soon bi-cauie perfectly clear to tho 
urkiug at the sun, that in all these disturbanoes, o 
in moat of thorn, wo were dealing to a large extci 
it seen in our laboratories when dealing with ter 
ccb; this work went on till ultimately, thanks 
of Professor Young in America, we luul a conaii 
D 2 
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list of lines coming from known and unknown substances which 
had been observed under these conditions in solar disturbances, 
and Professor Young was enabled to indicate the relative 
number of times these lines were visible. For instance, the 
lines which are most frequently seen under these conditions he 
tabulated as represented by the nximber 100, and of course the 
line which was least frequently seen would be represented by 
1 ; and therefore from these so-called " frequencies " we got a 
good idea of the number of times we might expect to see any 
of these disturbance-lines when anything was gomg on in the 
sun. 

It was this kind of work which made Tennyson write those 
very beautiful lines : 

" Science reaches forth her arms 
To feel from world to world.** * 

Dr. Hillebrand's Researches on Uraninite, 1888. 

In this year Dr. Hillebrand, one of the officials in tlie Geolo- 
gical Department at Washington, was engaged upon the chemical 
examination of specimens of the mineral uraninite from various 
localities. 

He dealt with crystals which he put in a vessel containing 



^ And then he added : 

** and charms 
Her secret froDi the latest moon.'* 

I mention this because Tennyson, whose mind was saturated with astronomy, 
had already grasped the fact that what had already been done was a small 
matter compared with what the spectroscope could do ;* and now the prophecy 
is already fulfilled, for by means of the spectroscopic examination of the light 
from the stars we can tell that some of them are double stars, that is to say. in 
poetic language, stars with attendant moons. Although we can thus charm the 
secret from each moon by means of tlic spectroscope, to see the moon it would 
require (in the case of /3 Aurige) a telescope not 80 feet long, but with an 
object-glass 80 feet in diameter, because the closer two stars are together the 
greater must be the diameter of the object-glass, independently of its focal- 
length and magnifying power. 



I THE DISCOVERT OF HELIUM. a? 

some sulpliiiric acid and water. He found that bubbles of gas 
were produced out of the crystal by means of the sulphnric 
acid. He collected this gas and came to the conclusion that it 
was nitrogen. 

This result was new. 



He thuH wrote about it :- 



" In couaequetice of & certain obecrvation " [the one I have jnat referreil 
to] " Mtd ltd results, an entirely new direction was given to the work, and 
ita Kope wonderfully broadened. Tliia wa* the discovery of a hitherto 
uiiHUBpePted element in unuiinite, existing in a forto of combioatiun not 
before obeerved in the mineral world." 

It is not needful here to follow Dr. Hillebrand throujth all 
the painstaking nnd patient labour he cut out for himself to 
explain this anomalous behaviour. Needless to say he did not 
omit to employ the aptictroacope to test the nature of the new 
Saa. 



His observatioi 



ere thus described : — ' 



" In a Geieder tube under a pressure of 10 millimetres and lesi, the 
ga« afforded the lluted spectriun of pure nitroj^ii ita brilliantly and as 
<H>mpletely aa was done by a [jurchased nitrogen tube. In order that no 
poaaibility of error might exist, the tube was then reopened and repeat- 
edly filled vrith hydrogen, and ev&cuated till only the hydrogen lines wvi-e 
viailile. When now filled with the gas and again evacuated, the nitrogen 
Bpectmni appeared as brilliantly as before, with the three bright hydrogen 
lines added.'' 

On this paragraph I may remark that it has long been known 
that gases like nitrogen give us quite distinct spectra at different 
temperatures — one fluted, another containing lines. Which of 
these we shall see in a tube will depend upon the pressure of 
the gas, and the electric current useiL The fluted spectrum of 
nitrogen is .very l>right and fnll of beautifid detail in the orange 
part of the spectrum ; the line spectrum, on the other liand, is 
almost bare in that region. 

It ia important to note that it so happened that the pressure 



' " On the Occurwniw of Nitrogen ii 
OmI. Buney, 1669-00. p, 55, 
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and electric conditions employed by Dr. Hillebrand enabled him 
generally to see the fluted spectrum. This, however, was not 
always the case. In an interesting letter to Professor Eamsay 
he writes {Proc. Roy. Soc, voL Iviii, p. 81) : — 

" Both Dr. Hallock and I observed numerous bright Hnes on one or 
two occasions, some of which apparently could be accounted for by known 
elements — as mercury, or sulphur from sulphuric acid ; but there were 
others which I could not identify with any mapped lines. The well- 
known variability in the spectra of some substances under varying con- 
ditions of current and degree of evacuation of the tube led me to ascribe 
similar causes for these anomalous appearances, and to reject the sugges- 
tion made by one of us in a doubtfully serious spirit, that a new clement 
might be in question." 

Dr. Hillebrand concludes his paper as follows : — 

'* The interest in the matter is not confined merely to a solution of the 
composition of this one mineral ; it is broader than that, and the question 
arises : May not nitrogen be a constituent of other species in a form 
hitherto imsuspected and unrecognisable by our ordinary chemical manip- 
ulations ? And, if so, other problems are suggested which it is not now 
in order to discuss.'' 

I shall show in the sequel that if Dr. Hillebrand had gone a 
little further in his researches he would have discovered the 
line D* and other lines to which reference has already been 
made in the gases he had obtained from uraninite. 

D' AND OTHER UNKNOWN LiNKS IN NEBULiE, 1890. 

A negative of the nebula of Orion, taken at my observatory 
at Westgate-on-Sea in 1890 contains fifty-six lines, and of 
course by determining, as we have been able to do approxi- 
mately, the wave-lengths — the positions of these lines in the 
spectrum — we can determine the exact light notes represented, 
and therefore the substances which produce them. In this 
spectrum of the nebula of the Orion were lines of unknown 
origin exactly coinciding with those unknown lines which I 
have already referred to as having been seen in the sun's atmo- 
sphere. Some of the unknown lines in that atmosphere, those 
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that we have not been able to see in our laboratories, are iilen- 
ticnl in position with some of the unknown lines in the nelvilii 
of Orion. 

1 may remark that as early as 1886 Dr. Copeland had dis- 
covered D' in the visible spectrum of the nebnla, and in a IctU-r 
to Iiim I had suggested that another line he hod recordt-d at 
447 might be Lorenzoni's /; this he thought to be probable. 
The matter was set for ever at rest by the photograph which 
established the presence of 4471 and 4026, alieady noted as 
a solar line as well. 

Professor Campbell, of the Lick Observatory, obtained other 
photographs of the spectrum of the nebula some two or three 
years after mine was taken. In the following list of lines in 
my photograph an asterisk denotes tliat Campbell gives a linu 
nearly iu the same position. He recorded no line which did 
not appear on my photograph — 

asw* 



4I»* 
4148* 
41«8 
4390* 
447S» 
4716* 
4034 
6870-8 = D» 



Ttre sAUi Unknows Lines occur in the Stabs, 1892. 

About the year 1890 I began the phott^aphy uf stellar 
spectra at Kensington, with special reference to their classiti- 
cation on the basis of the chemical constituents estabhsbed 
by their spectra. By 1892 several important results had been 
obtained, wMle the progress of this branch of science Ut«ly 
has been so considerable that any statement regarding the 
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positions of lines, and, therefore, the chemical origins of them 
may be made with a considerable amount of certainty as 
ilepending upon veiy acourate work. 

The various classes in which the stars have been classified by 
different observers, according to their spectra, are discussed 
elsewhere, but some of the more salient diflerences must be 
[winted out here ; thus we have stars with many lines in their 
spectra, others with comparatively few. I will take the many- 
lined stars first 

The diagram {Fig. 17) represents the spectrum of Arcturus, a 
star the spectrum of which closely resembles that of the sun. 
Id a Cygni we have another star with many lines ; but here 
we note, when we leave tlie hydrogen on one side and deal 
with the other stronger lines, that there is little relation 
between the solar spectrum and these lines. 

I next come to the stars with few lines : these are well 
represented by many of the chief stars in the constellation of 
Orion. Bellatrix is given as an example (Fig. 18). 

Then I have next to state, that in the photographs of the 
spectra of many stars, chiefly of those more or less like Bel- 
latrix, we found the same lines which we have, so far, classified 
as unknown, for the reason that in our laboratories we have 
not \teea able to get any lines which correspond with them. I 
again mention D', 4471 and 402G, previously noted as appear- 
ing both in the chromosphere and in the nebula of Orion. 

But the thing is much more interesting even than tliis ; not only 
these but all the chief unknown lines appearing in the nebula 
of Orion are also found in these stars. And this is so absolutely 
true that there is no necessity to give a list of the unknown 
lines seen in Bellatrix ; every one of them given in the nebula 
lias found its place, and, so far, practically, no others. 

This, of course, marked a great development of the inquiiy, 
aud made the question of the unknown lines more important 
than ever. 
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I'lIOTOOKAFHIC HKSULTS UtTRlN'G A SoLAli KCI.IPSK, 1U93. 

A inetliod which was first amployod by liuspighi and myself 
during the eclipse of 1871, was iised on u large scale and 
with great effect during tlie eclipse of 1893. The light pru- 
ceeding from the luminous ring round the dark moon was made 
to give ns a series of rings, representing eaeti bright line seen 
by the ordinary method, on a photogniiihic plate. The observers 
lliis time were stationed in West Africa and in Brazil. The 
African station was up one of the rivers, not very far away from 
the town of Buthurat The Brazilian station was near Para 
Cum. The same instrument which was previously referred to 
as used for obtaining photo^apha of the stars was sent to the 
African station iu order that photographs of the eclipse of the 
stin might be taken on exactly the same scale as the plioto- 
graphs of the stars had been, so tliat the stellar and solar records 
in the photographs might be compared. The results obtained 
by Messrs. Fowler and Shackleton, who were in charge of the 
instruments at the two stations, will be gathered from the 
accompanying diagrams. Figs. 19 and 20. 

Wo get more or less complete rings when ne are dealing with 
an extended arc of the chromosphere, or lines of dots when any 
small part of it is being subjected to a disturbance which 
increases the temperature and, possibly, the numbers of the 
different vapours present. 

The eHiciency of this method of work, with the dispersion 
employed, turns out to be simply marvellous, and, in securing 
such valuable and permanent records as t1ie.se, we have done 
very much better than if we had contented ourselves with the 
rtyle of observations that I have referred to as having been 
made in 1868 (see p. 29). 

As was expected, the comparison between solar and stellar 
I thus rendered possible, enabled a very great advance to 
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On examining these eclipse records, we find that we have to 
do exactly with those unknown lines which had already been 
photographed in the stars and in the nebulae. 

As was to be expected, we, of course, deal with the lines 
recorded in the first obsers'ations of the solar disturbances, and 
chronicled in that table of Professor Young's to which I have 
already called attention ; but the important thing is the mar- 
vellously close connection between eclipse- and star-spectrum 
photographs so far as the " unknown lines " are concerned. 

Nearly all the lines given in the table on p. 39 as visible in 
the nebula of Orion, and afterwards found in Bellatrix^ are 
among the lines photographed during tlie eclipse. 
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CHAPTEE V.~DISCOVERY OF A TEERESTEIAL 

SOUECE OF HELIUM, 1895. 



The New Mineral Gases. 



The year 1894 was made memorable by the announcement 
of the discovery by Lord Eayleigh and Professor Eamsay of a 
new gas called argon, and it is known that the discovery was 
brought about chiefly, in the first instance, by the very accurate 
observations of Lord Eayleigh, who found that when he was 
determining the weight of nitrogen in a globe of a certain 
capacity, the weight depended upon the source from which he 
obtained the gas. 

From the nitrogen from atmospheric air he obtained one 
weight, and from that obtained by certain chemical processes 
he obtained another, and, ultimately, it was found that there 
was an unknown element which produced these results, these 
various changes in the weight, and, as a consequence, we had 
in 1895 the discovery of argon. 

Early in 1895 it struck Mr. Miers, of the British Museum, 
that it might be desirable to draw attention to the nitrogen 
which we have seen Dr. Hillebmnd, in 1888, obtaining from his 
crystal of uraninite ; his observations, of course, were more in 
the mind of Mr. Miers than in the minds of the pure chemists. 
He, therefore, communicated with Professor Eamsay, who lost 
no time, because it was very interesting to study every possible 
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sonrce of nitrogen and see what ita behaviour was in regard to 
the quantity of argon associated with it, and In the relation 
generally of the gas to the argon wliich was produced from it. 

Frofesaor Ramsay treated uraninite in exactly the saine way 
that Dr. Hillebrand had done in 1888. The gas obtained as 
Dr. Hillebrand had obtained it was eventnaily aubmitted to a 
spectroscopic test, following Dr. HlUebrand's example. Cut 
here a noteworthy thing comes in. 

It so happetu-A tliat the pressure and electrical conditions 
employeil by Pixifeaaor Kameay were so different from those 
used by Dr. Hillebrand that, although nitrogen was undoubtedly 
present, the Huted spectrum which, as I have previously stated, 
doods the orange part of the spectrum with luminous details, 
wfts absent. But still there was somtthing there. 

Judge of Professor Karosay's surprise when he found that he 
got a bright orange line ; tliat was the chief tiling, and not the 
strong suggestion of the spectnini of nitrogen. Careful measure- 
ments indicated that the twenty-six-year-old helium had nt laat 
been run to earth, Ji' was at last visible in a laboratory. 
Professor Eamsay was good enough to seud specimens of the 
tubes containing this gas round to other people, and he sent 
one of them to me. 

I received Professor Bamsay's tube on 28th March, but it 
van not suitable for the experiments I wished to mako. 

On 29th Mai-ch, therefore, as Professor Baitisay was absent 
from England, in order not to lose time I determined to see 
whether the gas which had been obtained by chemical processes 
would not come over by heating in vacuo, after the manner 
iloecribed by me to the Royal Society in 1S79.' and Mr, L. 
Kletclier was kind enough to give me some particles uf uraninite 
(bitigf^te') to enable me to make the experiment. 

This I (lid on 30th March, and it succeeded : the gas giving 
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the orange line came over, associated wiUi Iiydrogen, in good 
qnantity. 

From SOtli March onwards my assistants and myaeU had a 
verj' exciting time. One hy one the unknown lines I had 
observed in the sun in 1868 were found to belong to the gas I 
■was distilling from broggerite. Not only C but 4923, 5017, 
4i71 (Lorenzoni'a /), 6677 (the BC of Fig. 15). referred to 
jjtevioasly, and many other solar linca, were all caught in a 
few weeks. 

But this was by no means all. The solar obseiTatious had 
been made by eye, and referred therefore to the less refrangible 
pai't of the spectrum, but I had obtained hundreds of stellar 
photogi'apbs, so I at once proceeded to photograph the spectrum 
of the gas and compare its more refrangible lines with stellar 
lines. 

Here, if possible, the result was still more marvellous. In 
the few-lined stars by 6th Mity I had caught nearly aU tin.' 
most important liues at the first casts of the spectroscopic net. 
Fig. 24, which includes some later results, will give an idea of 
the tremeudous revelation which had been made as to the 
chemistrj- of some of the stages of star-life. I pointed out on 
8th May that we had already " run home " the most important 
lines in the apentra of a certain group of stars, in which alone 
we find D' reversed. 

These results enabled us at once to understand how it was 
that the " unknown lines " liad been seen both in the sun's 
chromosphere and some nebulte and stars. Tlie giis obtained 
from the minerals made its appearance in various heavenly 
bodies, ar.d because it was a gas it made its appearance iu 
diiferent temperature conditions ; and the more the work goes 
on, wc find that this gas is really the origin of many, but cer- 
taiidy not of all, of the unknown lines which have been 
lensitij; astronomical workers for the last quarter of a ceutui-y. 



A TERRESTRIAL SOURCE OF HELIUM. 



The First Isvestigatioss of the Spectrum of thk Gas 

FROM ClEVEITE. 

The dates of the papers communicated to the Royal Society 
recording the observations of the lines in the gas obtained from 
niiiierala which had been previously recorded are as follows : — 

osth April ...... 4471 4144 

8th May 667 4388 4026 

9th May 3689 

SStli May 7065 

20th May e048 M16 4922 

The lines at 067 and 5016 had been previously seen by 
Thal^n (Comptea Eciidvs, 16th April, 1895). 

Although the general distribution and intensitieB of the lines 
in tlie gases from briiggerite and cleveite sutficieutly corre- 
sponded with some of the chief " unknown lines" in the solar 
chromosphere and some of the stars to render identity probable, 
it was necessary to see how far the conclnsion was sustained 
by detailed investigations of the wave-lengths of the variouff 
lines. 

Employment of High Dispersion. 

This was practically a separate branch of the work, as the 
observations hud to be made in the observatoiy. Kext I give 
here the observatious relating to D* and 4471. 

T/if (h-ange Lint, \ 58759. — Immediately on receiving from 
I*rofcs8or Gainsay, on 28th March, a small bulb of the gns 
obtained from cleveite, a provisional determination of wave- 
length was made by Mr. Fowler and myself, m the absence of 
the 8UD, by micrometric comparisotis with the D lines of sodium, 
the resulting wave-length being 5876'07 on Eowlnnd'a scale. 
It was at once apparent, therefore, that the gns-hne was not fur 
_ nmored from the chromospheric U', the wave-iength of which 
• l^Teo by Kowland as 5S75'98. 
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The bulb being too much blackened by sparking to give 
sufficient luminosity for further measurements, I set about pre- 
paring some of the gas for myself by lieating broggerite in vacuo, 
' in the manner I have already described, A new measurement 
was thus secured on 30th March, with a spectroscope having a 
dense Jena glass prism of 60°; this gave the wave-length 
5876-0. 

On April 5Ui I attempted to make a direct comparison with 
the cliromospheric line, but though the lines were shown to be 
excessively near to each other, the obser\'ations were not 
regarded as final. 

Profeiaeor Eamsay having been kind enough to furnish me, on 
1st May, with a vacuum tube which showed the orange line 
very brilliantly, a further comparison with the chromosphere 
was made on 4th May. The observations were made by Mr. 
Fowler, in the third order spectrum of a grating liaving 14,438 
lines to the inch, and the observing telescope was fitted with a 
high power micrometer eye-piece ; the dispersion was sufficient 
to easily show the difference of position of the D' line on the 
east and west limbs, due to the sun's rotation. Observations of 
the chromosphere were therefore confined to the sun's poles. 

During the short time that Llie tube retwined its great 
brilliancy, a faint lino, a little less refrangible than the bright 
orange one, and making a close double with it, was readily seen ; 
but afterwards a sudden change took place, and the lines almost 
faded away. While the gas-line was brilliant, it was found to 
be " the least trace mors refrangible than D', about the thick- 
ness of the line itself, which was but narrow " (" Observatory 
Note Book "). The sudden diminution in the brightness of the 
lines made subsequent observations less certain, but the instru- 
mental conditions being slightly varied, it was thought that the 
gas-line was probably less refrangible than the D**line by about 
the same amount that the first observation showed it to be 
more refrangible. Giving the observations equal weight, fhe 
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gas-line would thus appear to be probably coincident with the 
middle of the chromospheric line, but if extra weight were given 
to the first observation, made under much more favourable 
conditions, the gas-Hne would be slightly more refrangible than 
the middle of the cliromosphere Une, 

Pressure of other work did not permit the continuation of the 
comparisons. In the meantime, Kunge and Paschen announced 
{Nature, voL lii, p. 128) that they also had seen the orange line 
of the cleveite gas to be a close double, neither component 
havit^ exactly the same wave-length as D', according Ui 
Rowland. 

They give the wave-length of the brightest component us 
587S'8S3, and the distance apart of the lines as U-323. 

This independent confirmation of the duplicity of the gas- 
line led me to carefully re-observe the D' line in the chromo- 
sphere for evidences of doubling. On 14th June observations 
were made by Mr. Sliackleton and myself of the D* line in the 
third and fourth order spectra under favourable conditions. 

" The line wan seen best in the fourth order, on an exteoaion of Uiv 
cbromoa|j)iere or prominence un the uorth-eut limb of the sujl Tlie D* 
line was leen very well, having every appearance of being double, with n 
fainl contpoucnt on the red side, dimming awaj gradualtj ; the Hue of 
demarcation between the oomponenU was not well marked, but it waa 
seen better in the prominence than anywhere else on the limb." (" Ob- 
aervntory Note Book.") 

It became clear, then, that the middle of the chromosphere 
line, as ordinarily seen, and as taken in the comparison of 
4bh May, dovs nut represent the place of the brightest com- 
ponent of the double line, so that exact coincidence was not to 
be expected. 

The circumstance tbat the line is double in both gas and 
clm)mosphere spectrum, in eacli the less refrangible component 
being the fainter, taken in cunjuociiun with tbe direct coni- 
[Arisons which have been made, rendered it highly probable 
tbot one of the gases obtained from cleveite ia identical with 
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tliat which produces the D' line in the spectrum of the chromo- 
sphere. 

Other obaervera have since eucceeded in resolving the 
chromoapherie line. On 20th June Professor Hale found the 
line to be clearly double in the spectrum of a prominence, the 
leas refrangible component being the fainter, and the distance 
apart of the lines being measured as 0357 tenth-metres ^Ast. 
Nack., 3302). The doubling was noted with much less distinct- 
ness in the Hpectrum of the chromosphere itself on 24th June. 
Professor Hale points out that Rowland's volue of the wave- 
length (as well as that of 587iJ'924:, determined by himself on 
10th and 20th June) does not take account of the fact that the 
line is a close double. 

Dr. Huggins, after some failures, observed the D' line to be 
(hiuble on 10th July (Ast. Nack. 3302) ; he also notes that the 
less refrangible component was the fainter, and that the distance 
aiiart of the lines was about the same as that of the lines in 
tlie gas from cleveite, according to Kunge and Paschen, 

It may be added that, in addition to appearing in the chromo- 
ii]»here, the D* line has been obser\'ed as a bright line in nebulic 
by I>r. Copeland, Professor Keeler, and others; in Lyr^e and 
other bright line stars ; and as a dark line in such stars as 
Bellatrix, by Mr. Fowler, Professor Campbell, and Professor 
Keeler. In all these cases it is associated with other lines, 
which, aa I shall show presently, are associated with it in the 
s^MJctra of the new gases. 

TVtc Blu^ Line, \ 4471'6. — A provisional determination on 
2nd April of the wave-length of a bright blue line, seen in the 
tipGctnim of the gases obtained from a specimen of cleveite, 
showed that it approximated very closely to a chromospheric line, 
the frequency of which is stated as 100 by Young. 

Tliifl line was also seen very brilliantly in the tube supplied 
to me by Professor Ramsay on Ist May, and on Gtli May it was 
compared directly with the chromosphere line by Mr. Powler. 
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The second order grating spectrum was employed. Tho olaervji- 
tions in this region were not so easy as in the case of D*, but 
with the dispersion employed, the gas-line was found to li6 
coincident with the chromospberic one. In this case alao the 
chromosphere was observed at the sun's poles, in order to 
eliminate the effects due to the sun's rotation. 

Besides appearing in the spectrum of the chromoaphere, the 
line in question is one of the first importance in the spectra uf 
nebuhe, bright line stars, and of the white stars such as Bella- 
trix and RigeL 

The In/ra-red Line, X 7065-5. — In addition to D* and the line 
at 4471'6, there is a chrouiospheric line in the infra-red which 
also hiis a frequency of 100, according to Young. On 28th May 
I communicated a note to the Hoyal Society, stating tliat tbiit 
line had been observed in the spectrum of the gases obtained 
from bre^erite and euxenite (Proe. lioy, Soc., voL Iviii, p. 192), 
solar comparisons having convinced me that the wave-leugth of 
the gos-Iine corresponded with that given by Young ; and I 
added; — 

" It foUowB, therefore, that besides the hydrogen Uneaall throe chnimo- 
■pheric linea in Voung'H liat which have s freqaenc; of 100 hare now been 
reoorded iu the spectra of the new goa or gaaes obtained from minerals by 
the distillation method." 

M. Uesbiudres, of the Paris Observatory, has also observeil 
the line at 7065 in the gas obtained from cleveitc (Compter 
TCJidus, 17th June, 1895, p. 1331). 

A great ileal of work has been done upon these gases from 
other points of view than those which affect their cosmical rela- 
tione, and perhaps I may be allowed next to refer to some of 
the results which have been obtained by myself. 



Tee Cleveitk Casks not conskcted with Argon. 

The first point is that the gas from the minerals contains i 
ai^on. Dr. £amaay in his first experimenta came to the couolu- 
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eion that the spectra of argou and helium contained many 
common lines ; indeed, at first, the observed eoincidences were 
BO remarkable that he came to the conclusion that the connection 
woe 80 close that atmospheric argon contained a gas absent from 
the argon seen in hia heUum tube. 

This statement was subsequently withdrawn, bnt the com- 
pound nature both of ai^on and helium waa suggested by tlie 
fact that there were lines comioon to the two gases. These 
lines were in the red; one coincidence I found broke down with 
moderate dispersion, the other yielded subsequently to the still 
greater dispersion employed by Drs. Runge and Paschen. It 
may be also stated here that I have not found a single coinci- 
dence between argon and any line in tlie spectrum of any celes- 
tial body whatever. This happens, as everybody knows, also in 
the case of oxygen, nitrogen, chlorine and the like. 



The Cleveitk Gas a Mixtuhe. 

The first spectroscopic observations made it perfectly obvious 
that tlie gas as obtained from uraninite is a mixture of gases ; 
that the gas which gives the yellow line is not an isolated one, 
but is mixed up with otiier gases which give other lines. 

In May I wrote as follows ; — ' 

" The preliminary reconn&JRsaiice euggesta that the gas obtained &oiu 
brUggerite by my method is one of complex origin. 

" I now proceed to show that the same concluaion holds good for the 
ga«es obtaiiied bj Professors Ramsay and Cl^ve from cleveite. 

*" For this purpose, as the final meaaurea of the lines ot the gas as 
obt^ned from cleveite by Professors Ramsay and Cl^ve have not yet been 
published, I take those given by Crookes and ClSve, as observed by 
Thaien. 

" The moat definite and striking renult so far obtained is that in the 
spectra of the minerals giving the yellow line I have ao far eiamijied, I 
have never once seen the linen recorded by Crocikea and Thal^n in the 
blue- ThiB demonstrates thnt the gaa obtained from certain specimeus of 



^■] 



A TERRESTniAL SOURCE OF HELIUM. 



C& 



cleveite by chemical raethoda is vastly different from that obtained by my 
method from certsju specimens of briiggerite, and since, from the point of 
view of the blue linea, the ipectrum of the goa obtained from cleveite is 
more complex than that from brttggerite, the gas itself cannot be more 
.imple. 

" Even the blue lines themselves, instead of appearing eii bloc, vary 
eiiorrooiiely in the sun, the appearances being 

" 4922 (4921-3) = thirty times 
"4713(4712-5)=: twice. 

" These are not the only facts which con be adduced to suggest that the 
can bota cleveite is as complex as that from brtiggerite." 

It ia Been tliut iiuite early in llie inquiry we had uot only 
Bpectroacopic eWdence in the laboratory which was complete 
in itself, but that the case was greatly strengthened when the 
l«httviour of tlie various lines in the sun and stars was also 
brought into e\-idence. 

In tile first case we had the laboratory sejiaration of T>' 
from Uie lines 5048, 501C, and 4922. 

Later on In the tutme month 1 showed that the lines at D'^ 
and 447 behaved in one way, and that at 667 bohaved in 
another. 

In ortlcr to test this view I made aonio obBervatious baaed on 
tile following considerations: — 

(1) In a simple gas like hydrogen, when Uie tension of tin.- 
electric current given by an induction coil is increased by 
inserting first a jar and then an air-break into the circuit, 
tlie eflect is to increase the brilli&ncy ami the breadth of all 
the lines, the brilliancy and breadth being greatest when the 
longest air-break is used. 

(2) Coutnuiwise, when we are dealing with a known com- 
puuod gas : at Uic lowest tension we may get the complete 
spectrum of the compound without any trace of its consUtuente, 
aud we may then, by increasing the tension, gradually bring in 
the lines of the constituents, until, when complete dissociatiou 
is finally reached, the spectrum of the compound itself dis- 
appears. 
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Working on these lines the apectruni of the spark at atmo- 
spheric pressure passing through the gas or gases distilled from 
brciggerite, has been studied with reference to the special 
lines C (liydrogen), D». 667, and 447. 

The first result is that all the lines do not vary equally as 
they should do if we were dealing with a simple gas. 

The second result is that at the lowest tension 067 is rela- 
tively more brilliant than the other lines ; on increasing the 
tension, C and D^ considerably increase their brilliancy, 667 
relatively and absolutely becoming more feeble, while 447, 
seen easily as a nanow line at low tension, is almost broadened 
out into invisibility as the tension is increased in some of the 
tubes, or is greatly brightened as well as broadened in others 
(Fig. 21). 



!F{0. 21. — Dingram sliowing uhangcB in iotftisEties of lines brought about tij 
Tarjing tbe teuaion of tlie apurk. 1. Without air-break. 2, With air-break. 



The above observations were made with a battery of five 
Grove cells ; the reduction of cells from five to two made no 
difference in the phenomena except in reducing their bril- 
liancy. 

Eeasoning from the above observations, it seems evident that 
the effect of the higher tension is to break up a compound or 
compounds, of which C, D*, and 447 represent constituent 
elements; while, at the same time, it would appear that 667 
represents a line of some compound which is simultaneously 
dissociated. 

The unequal behaviour of the lines has been further noted in 
another esperiment, in which the products of distillation of 
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^^1 broggerite were observed in a vacuum tube and photograplieil 
^^M -at various stages. After the first beating D* and 4471 weris 
^^H 8een bright, before any lines other than those of carbon aud 
^^M hjilrogeu made their appearance. With continued lieating 
^H 607, 501(i, and 492 also appeared, although there was no notable 
^H increase of hrigbtness in the yellow line ; still furtlier heating 
^H introduced adiUtional lines 5048 and 6347. 
^^M Theae changes are represented graphically in the following 
^H diagram (Fig. 22). 
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^^1 417. Muoj 3en. a*. esr. 
^^M Fio. 22.— Diignun thoning order in which linei »ppe» in ipeelrum of tacuum 

^^M It was recorded further that the yellow line was at times 
^^H dimmed, while the other lines were brightened. 
^^H In my second note, communicated to the Eoyal Society on 
^H the 8tb May, 1895, I stated that I bad never once seen tlif 
^H lines recoi-ded by ThalOu in the blue, at X 4922 aud 4715. 
^^M It now seems possible that their absence from my previous 
^^H tubes was due to the fact that the heating of the minerals was 
^^H not sufficiently prolonged to bring out the gasea producing these 
^V lines. 

^H It is, perhaps, to the similar high complexity of the gas 
^V fibtained from cleveite that the curious behaviour of a tube 
which Professor Ramsay was so good as to 8eu<I me, must be 
ascribed. When I received it from him the glorious yellow 
^^ effulgence of the capillary while the current was passing was ft 
^^L Bight to see. But after this had gone on for some time, while 
^^B the coincidence of ibe yellow line with D* of the chromosphere 
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waa being inquired into, the lumiuoaity of the tube was con- 
siderably reduced, and the colours in the capillary and near the 
poles were changed. From the capillary there was but a feeble 
glimmer, not of an orange tint, while the orange tint was now 
observed near the poles, the poles theniBelves being obscured by 
a coating on the glass of brilliant metallic lustre. 

After attempting in vain for some time to determine the 
cause of the iuvei'sion of D* and 447 in various photographs I 
had obtained of the spectra of the products of distillation of 
many minerals, it struck me that these results might be associated 
with the phenomena exhibited by the tube, and that one expla- 
nation would be rendered more probable if it could be shown 
that the change iu the illumination of the tube was due to the 
formation of platinum compounds, platinum poles being used. 
On 2l8t May I accordingly passed the current and heated one 
of the poles, rapidly changing its direction to assure the action 
of the negative pole, when the capillary shortly gave a very 
strong spectrum of hydrogen, both lines and structure. A 
gentle heat was continued for some time, and apparently the 
pressure in the tube varied very considerably, for as it cooled 
the hydrogen disappeared, and the D' line shone out with its 
pristine brilliancy. The experiment was repeated on 24th May, 
and similar phenomena were observed. 

Some little time after' Professors Runge and Paaclien, from 
an entirely different standpoint, arrived at exactly the same 
conclusion. 

The employment of exposiu'cs extending over seven hours 
lias given a considerable extension in the nimiber of lines, and 
tlie bolometer has been called in to investigate hnes in the infra- 
red; better stUJ, they have employed well-practised hands in 
searching for series of lines. Operating by chemical means 
upon a crystal of cleveite free from any other mineral, they 
have obtained a product so pure that from these series there 
> Nature, 2atli Bepteniber, IS&S. 
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) outstandiDg lines. Very great weight, therefore, must 
\ be attached to their conchisions. 

I result of their investigations, Di-s. Runge and Tascheii 
\ that the gas given off even hy a pure crystal of clfveite 
i simple. In their view the mixture consists of two cou- 
\ atituenta. 

This conclusion was arrived at from the following considem- 
r tions: — 

" The WBTe-lengths (X) of the lines belouging to the same eeriee ar« 
alwnya approximately connected by a fotmula aouewhat similar tu 
Balmer'a 

" lfk = A- B/m' - C'/m'. 

j " A ilelennines the end of the aeries towards wtiicli the lines approach for 
high nUaea of m, but does not influence the difference of wave-numbera 
of anj two linen. B has nearly the same value for all the series observed, 
and C may be said to determine the spread of the series, corresponding 
intervals between the wave-numbers being larger for larger values of C. 
As B is approximately known, two wave-lenglba of a series suffice to 
determine the constants A and C, and thus to calculate approximately the 
vave-lengtha of the other lines. It was by this means that we succeeded 
t disentangling the xpectriun of the gas iu deveite, and showing ite 
regularity. 

" In the spectrum of many elements two series have been olserveil 
>r which A has the same value, so that tbey both approach to the same 
miL In all these cases the series tor which C has tlie smaller value, 
that is to say, which has tlie sni&Uer spread, is the stronger of the two. 

' 111 the spectrum of the gns in deveite we have two instances of the same 
occurrence. One of the two pairs of series, the one to which the strong 
yellow double line belongs, consists throughout of double lines whose 
WBVe-numbera seem to have the same difference, while the lines of the 
other pair of series appear to be all single. Lithium is an iusUace of a 
p&ir of series of single lines approaching to the same lunit. But there 

I Are also many instances of two series of double lines of eqnal difference of 

r wmve-numbers ending at the same place as sodium, potassium, aluminium, 
•tc. Th«r« are also cases where the members of each series consist of 
triplets of the same difference of wave- numbers, aa in the spectrum of 
magoeaiam, calcium, strontium, zinc, cadmium, mercury. But there is no 
instjuice of an dement whose spectrum conbiins two puirs of series ending 
M til* tmiue place. This suggested to us the idea that the two pairs uf 
•cries belonged to different elementa. One of the two jiain being by far 
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belongs to the same element as the stronger pair. We thus get two 
spectra consisting of three series each, two faeries ending at the same place 
and the third leaping over the first two in large bounds and ending in 
the more refrangible part of the spectrum. This third series we suppose 
to be analogous to the so-called principal series in the spectra of the 
alkalis, which show the same features. It is not impossible, one may even 
say not unlikely, that there are principal series in the spectra of the other 
elements. But so far they have not been shown to exist. 

*^ Each of our two spectra now shows a close analogy to the spectra of 
the alkalis. 

" We therefore believe the gas in cleveite to consist of two, and not 
more than two, constituents." 

To the one containing the line D', which I discovered in 
1868, the name helium remains ; the other for the present we 
may call " gas X."^ 

The chief lines of these two constituents are as follows, 
according to Eunge and Paschen, the wave-lengths being 
abridged to five figures. 

helium:. 



Principal Series. 


1st Subordinate 
Series. 


2nd Snbordinate 
Series. 


2663 -3 


3456-9? 


3481-6 


2677 -2 


3461-4? 


3490-8 


2696*2 


3466 


3502-5 


2723-3 


3471-9 


3517 -5 


2763-9 


3479-1 


3537 


2829 -2 


3487-9 


3563 1 


2946-2 


3498 -8 


3599-6 


3187-8 


3512 -6 


3662 1 


3888-8 


8530-6 


3733 -0 




3554-6 


3867-6 




3587-4 


4121 -0 




3634-4 


4713 -3 




3705 -2 


7065 -5 




3819-8 






4026-3 






4471-6 







5875-9 





^ In the many comparisons I had to make, I soon found the inconvenience of 
not having a name for the gas which gave 667, 601 and other lines. When, 
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Friudp*! Series. 


lit Subordmate 


Series. 


8176 -6 


37a5-2 


3770-7 


31(16 -8 


3768-0 


3787 -6 


3211 e 


3785 -0 


3838-2 


8231-3 


3805 ■« 


8878-3 


326B '3 


3833-7 




3206 -fl 


3872 


4024 1 


8354-7 




41C9 1 


84*7-7 


4009-4 


4487 ■? 


8618 -8 


4143-9 


5047-8 


3964 -0 


4388-1 


7281-8 


fi016-7 


4923-1 
6676-4 





More receiitly Professor Ramsfly lias abandoned his view of 
I the fiiinple nature of the cleveite gas, and states that from his 
[ experiments " there appears ground for the supposition that 
[ lielium is a mixture."' 

Thb Existekce of the New Gases in Celestial Bodhs. 

And now comes the great revelation, and it is this. Tlie 
' m^ority of the lines classed as unknown in the spectra ot the 
Orion nebula, stars of Group III, and the sun are really due to 
the cleveite gases. 

The following table sets tliis result out. It will be seeu 
I that of seventeen unknown lines, twelve have been ran to 
I earth. 

thpTotoTP, Profetton Kunge and Paachen, who had endoned mj reaulti, and 
had eitcnded them, c«I1m1 upon me, 1 thought it right to (uggeet to them that, 
linking the priori tj of niTown reeulta, ve ihould aL three eombine ir euggeeling 
■ tiame. FtofeeKir RiuigD (under date 20th October) wrote me " the inferenM 
that there are two giue* in a iprctroeoopicnl one, being bated on tlie inreatiga- 
lion ot the 'leriea.' Now, though we think this baaii quite Muixl. we muit own 
Uiat the coDclusioo rata on indactioo. . . . For thi* reaaon we do not 
want to giTe a name to ' gu X '. " I liare *o far auggeilcd no name, though 
Orioniuiu and AtUrinlD hare been in mj mind. 
' Natun, tol. liii, p. 698. 
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t in Orimi Nrhida and Bdlatrix, 



Orion Nebula. 














Bellatrix and 


Origin. 








KeUpw 1893. 


Campbell. 


Lockjer. 






SBG9 


•8869 


(7) 


t3867-6 

(F»l(» 


Hp- 


38S9 


38SB 


(71 


8888 on Ut.) 


He. 




4011 


(3) 


4009 (6) 


X 


4026 


4026 


(5) 


4026 (10) 


He. 




4042 


(1) 


4041 (3) 


Sl,m unknown 


4067 


4008 


(31 


4070 (3) 




4lil 


4121 


(1) 


4181 -3 (7) 


Hb. 


4143 


4143 


(1) 


4144 (8) 


X 




4168 


(1) 


4160 (S) 


X 


426fi 


4270 


(3) 


4268 (7) 


aiiU unknown 


4SS9 


4300 


(3) 


4389 (8) 


X 


4472 


4472 


(71 


4472 (lU) 


He. 




45*0 


(3) 


4541 (1) 


Still uukuQwn 




4H28 


(3) 


iftl.. (3) 


Still unknown 


471* 


4716 


(3) 


4715 (6) 


He. 




•49*4 


(5) 


tl9i2-l(8) 


X 


6374 


5875 '8 


5875 ■» 


ir He. 



P# 


wri r 


— f-'i ''""^'T^j^^^^^^^^^^^V 


1 ■ 


i!!!!; 1 I ' '^^ 


Pl-. 


1" 


^ 


r ' mill m 

1 



two gUiiee, each vtilli three imea of linee. 

* Between tlieie hK there arc Cortj.two lines in the Orion pholo at which 
lix KTO known other than He. and X. 

t Between these AA there are fortj-fire linen in tho Bellstrix pholo of which 
Ive ue known other than lie. and X. 
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The following tables give the complete list of lines and the 
celestial body in which they have been traced : — 

In the tables, under " Sun," C, followed by a number, indi- 
cates the frequency as given by Young ; E indicates the lines 



HELIUM. 



tT I 



3({52 
3501) 

3517 
3303 
3491 



)- 







Sun 


■ 


Star or Nebula. 


11170 










8889 


C 




E 


y. III. 7 


3188^ 










2945 










2829 












2704,. 










2723 












2696 












2677 












26<J3^ 












6876 


C 


100 K 


N. Bellatrix. 


4472 


C 


100 E 


N. III.7 


4026 


C 


25 E 


N. III. 7 


8820 






K 


III. 7 


3706 












3634 












3587 












3565 












3531 












3513 












3499 }-• 










34S8 












3179 












3472 












346<i 












344U 




I 








3457, 












7066 


C 


100 






4713 


C 2 


E 


N. III. 7 


4121 






E 


N. III. 7 


3868 






• 




3733 








E 


Bollatrix 
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photographed during the eclipse of 1893. Under "star or 
nebula," the references are to the tables given in my memoir on 
the nebula of Orion (Phil Trans,, voL clxxxvi, 1895, p. 86 et 
seq.). N = Nebula of Orion. 



GAS X. 





Sun. 


Star or Nebula. 


5016 


C 30 E 




3965 


9 

• 


III. 7 


36141 




E 




3448 








3355 








3297 








3258 


.• 






3231 








3212 








3197 








3177^ 








6678 


C 25 




4922 


30 E 


N. III. y 


4388 


E 


N. III. y 


4144 


E 


N. III. y 


4009 




iir.7 


3927 




Bellatrix 


3872 




Bellatrix 


3834 


E 


Hid by H. line 


3806 




Bellatrix 


3785» 






3769* 






3756* 






7282 






5048 


C 2 




4438 




Bellatrix 


4169 




Bellatrix 


4024 


? 




8936 


Hid in X. 




8878 


C E 


a Cygni 


3838 


G £ 


a Cygni 


3788* 






3771» 







* Means that these lines are out of the range of my observations. 

The annexed reproduction of a photograph of Bellatrix will 
show how striking has been the result of the discovery so far as 
stellar spectra are concerned. 
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Hydrogen, helium, and gas X are thus proved to be those 
elements, ■which are, we may say, completely represented in the 
hottest stars and in the hottest part of the sun that we can get 
at Here then, in 1897, we have abundant confirmation of the 
views I put forward in 1868 as to the close connection between 
helium and hydrogen. 



Effects of Diffcsiok. 

A diffusion experiment described iu their paper enabled 
Messrs. Kunge and Paschen to go a stage farther, and to an- 
nounce that of their two constituents the gas giving D^ was the 
heavier one. They also added : — 

" From the fact that the seconil set of series is on the whole mtruted 
more to the refrangible part of the Hpectrmn, one way, independently of 
the difFuaion experiment, conclude that the element correapoiiding to the 
Becond set ia the heavier of the two." 

As they themselves pointed out, however, the result was not 
final, because the pressures were not the same. I have recently 
made some experiments in which the pressures remain the same. 

A fl-tube was taken, and ut the bend was fixed a plaster of 
Paris phig about 1*5 cm, thick; in one of the limba two 
platinum wires were inserted. The plug was saturated with 
hydrogen to free it from air; the tube was then plunged into a 
mercury trough, and fixed upright with the limbs full of mer- 
cury. Into the leg (A) with the platinum wires a small 
quantity of hydrogen was passed, and as soon after as possible 
another small quantity of a mixture of helium and hydrogen 
from saniarekite was put up the other limb (B) of the fl-tube. 

Immediately after the helium was passed into the limb (B) 
spectroscopic observations were made of the gas in the limb (A) ; 
D' was already visible, and there was no trace of 5015-7. This 
result seems to clearly indicate that if a true diffusion of one 
rx)natituent takes place, the component which g^ves D'is lighter 
than the one which gives the line at wave-length 5015'7. 
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Although this result is opposed to the statement made by 
Runge and Fascben, it is entirely in haimouy with the solar 
and stellar results. 

In support of this I may instance tliat of the cleveite lines 
associated with hydrogen in the chromosphere and stars ol 
Group III7, those allied to D* are much stronger than those 
belonging to the series of which 50157 forms part. 



MiNEitALS Examined. 

So far I have worked upon some seventy minerals, and I 
have found the yellow line in sixteen. The following; are the 
luinerals, etc., which have been investigated ; those which give 
the D' line being marked with an asterisk : — 



•.EBchynite. 


aneies. 


Alraandine. 


Gnuiite. 


AnRleaiU. 


Grapliit«. 


Auh^drite. 




Augite. 




Barytee. 


•Hielmite. 


•Bri^gerite. 


Hornblende. 


Broniit*. 




tWco-uninite. 


Hmenite. 


Caagiterite. 


Iridownirie. 


t'clMtine. 


KJclhauite. 


LluUk. 


Kjuite, 


ChftmockiW. 


Liidwigite. 


Chromit*. 


Mogneaiaoi. 


•CleveiU. 


M^gnetit*. 




HangMieee Nodule. 


CnxxdolUe. 


Uinium. 


Cupro-uranite. 


•Momunte. 


«E]tuite. 


Obaidion. 


EiuUtite. 


Olivine. 


*Gasenite. 


Olivine-EnaUlit*. 


•Fergu*>iJte. 




Frmnklinite. 


Orthite. 


GndoUnite. 


Pitchblende. 


GiUmite. 


Plnmbic Ochre. 


(ieikioUle. 


*Polrcnw. 
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♦Pyrochlore. *Thoro-gummite. 

Quartz. *Uranimte. 

Red Clay. Uranocircite. 

* Rhodonite. Uranophase. 

^amarskite. Wulfenite. 

Schorlomite. Wolfram. 

Sphene. Xenoiine. 

Staurolite. *Yttro-Gummite. 

Thorite. 



CHAPTER VI.— THE ItELATIOK OF STARS TO 
NEBUL/E. 



The Old Views. 

The various views which have been held time out of mind 
witii regiLnl to tlie relation of stars to iiebiUcc, and the special 
nature of both tliese classes of celestial bodies have always had 
the greatest interest for mankind, for those at all eventa amung 
us who like to know something about the universe in which our 
lot is cast. No dividends, unfortunately or fortunately, depend 
upon the discussion or even the application of any branches of 
inquiry which are necessary in oi-der to make progress ijong 
the lines of thought thus opened up ; scant attention is paid to 
them by educational bodies, for they lead to no profession. 
Still, in spite of this, some of the noblest triumphs of the human 
mind have been made in that region where man tinds liimsclf 
face Ut face witli the mysteries of the distant heavens, and indeed 
no chapter in human liistory is more interesting than that iu 
which we read how man has struggled with the mysteries which 
surround liim in the deptlis of space. 

To consider completely the Sun's place in Nature the relation 
of these two apparently different classes of celestial bodies, to 
which I have referred, must be gone into. Thanks to the 
advance of modern science, pictures of clusters of stars and of 
nebulae, iu which we see those bodies very much better than 
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we can iu the beat equipped observatories in the world, are at 
our disposal, for it so happens that the enormous progress 
which has recently been made in the application of photography 
to astronomical work enables iia to get permanent records of 
parts of them whicli are so dim that they never have been and 
never will be directly revealed to the eye of mortals. 

It will be well to call attention to some typical examples 
both of clusters and nebula). This I ant enabled to do by the 
kindness of Dr. I. Koberts, to whose instrumeiital means I have 
already called attention, A condensed star cluster is well 
represented by the one in Libra, which well indicates that in 
the case of a star cluster it is obviously a c-ase of separate stars 
gradually congregating towards the centre. 




Fio. 25.— Tlie Clutter 15 A[ Libra?, from a pliotogrnph by Dr. RobcrU. 



In the photograph of the great nebula in Andromeda, wliich 
is given as a term of comparison, there is a filmy sort of 
lumiucsity, which is quite distinct from the neighbouring stars. 
To bring out the transforming effect of prolonged exposures on 
the nebulic I give two views of the nebula of Orion which show 
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that tile uebula wliich wc see ordinarily in our telescopes is 
only a veiy. veiy small fraction of the real nebula as it really 
exists, when we tan fjet at it under the best possible observing 
conditions. On the left of the figure we have the results when 
it lias been photographed by means of a telescope powerful 
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FlO. 27.— OrioD nebula pLotogrnplieil witJi aliort aud long eipOBurfB. 

enough to give us the brighter portions. On the right we 
have another photograph of the nehula exactly on the same 
Bcale, in which the nebula tliat we usually see occupies only 
a very small place ; the only difference between the two 
photographs is that one has been exposed for a very long time 
to enable us to fix and to study t!ie very dim reproduction of 
certain parts of it, whilst the first one was exposed only for a 
Bhort time, in order that we miglit dwell effectively on that part 
only of the nebula which is generally visible to the human eye 
with an ordinary telescope. 

A rapid glance at these photog^phs will indicate that there 
is a very great difference in the appearauce of star-chisters and 
nebulae, and when we compare these two great groups of celestial 
bodies with the gi-eatest cdre we find that, at all events in 
appearance, there is an enormous difference between them; that 


■ 
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ti ntibula is certainly unlike an ordinary atar-cluster. Tliis is so 
obviuus that e^'eii those who first observed the very few nebulii- 
which are visible to tlie uaked eye, such as that iu OrioD, wen; 
tlirown into the greatest wonderment by their strange appeai- 
I once. 

Let us go back loll years, Here is what tlie French philosn- 
jiher Mitupertuis said about them iu the year 1745. 

" The first phenometiOD u that of thoM brilliant patclies in the sky 
which are named neboliF, anil which linve been conBidered as ma«M6 or 
groups of tninll Btars; but mir aatronomers, with the aid ot brtter tele- 
•copiM, have onty Men them as great oval aieaa, luminouH and with a light 
brighter tb&u the rest of the heavens. Huygens first diacovered one in 
the eooBt«lktion of Orion ; Ualley, in the Philotophical TrantactiooM, 
|)uint«d out nix. th« fii-st in the sword of Orion, the second to the constel- 
lation of 8agittarluH, the third in the Centaur, the fourth before the right 
foot of Antinuue, the tifth in Hercitlee, and the sixth in Andromeda. Fire 
of these spot* kaviug been observed witli a reflector of 8 feet, only one of 
them, the fourth, could be taken for a group of stars ; the others Heem to 
be great shining areaa, and do not differ among themselves, except that 
some are more round and others more oval in iluipe. It seems also that 
in tbe first the little stars which one discovers with the telescope are not 
capable of cauainR this brightness. Bailey was much struck with these 
phenomena, which he believes capable of explaining a thing which seemed 
<lifficult to understand in the Book of Genesis, viz., that light was created 
before the sun. Durham regards them as hole« through which one dis- 
covers an immense region of light, and finally the empyrean heaven itself. 
He professes to have been able to distinguish that the stars which are 
seen in some of them are very much lees distant from us than the spobt of 
light themselves." ' 

Hence we see that 1.^0 yearn ago some of out keenest 
intellects were struggling with the questions, involved iu 
mystery, which had been started by the discovery of these 
nebulous bodies in space. That was in the year 174.'i. Soon 
after this, in the year 1755, Xant, who was a German, though 
be was a Scotchman by descent, brought out an hypothesis in 
which he attempted to show that there was the closest possible 
connection between stars and the clusters and nebulte of wiiich 



' J)t>R>ar« fur let difffrtntr* Jigurr* itet Attitt, chap. vi. pp. 104-14. 
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Maupertuis wrote. He held distinctly that the stara were 
produced by some action brought about in nebula; ; in other 
words, that tlie nebula; represented a first stage out of which 
starn, representing a later stage, were produced by certain 
processes of evolution. 

From 1755 we pass to 1796, at which date we find a great 
Frenchman, Laplace, practically rediscovering and reasserting- 
the same thing. It is believed that he knew nothing of Kant's 
prior work, and therefore we have the advantage of dealing 
with the results of the thoughts of two great minds. Laplace 
came to the same conclusion as Kant, so far as it went, but he 
went further than Kant did, because he held that the nebulie 
really represent enormous masses of elastic gas at a very high 
temperature, and that therefore the stars, which he conceived, 
as Kant had conceived, to be produced by evolutionary processes 
from these uebulic, were really produced from incandescent 
masses of gas. 

Now, seeing that our aun is a star, it ia perfectly clear from 
this that both Kant and Laplace agreed that the sun, represent- 
ing a star, had originally been produced from a nebula. 

About the time of Laplace, i.e., about 1796, Sir William 
Herschel was making England famous by the discoveries ren- 
dered possible by that wonderful telescope which he had erected 
at Slough. There, for the first time, the possible similarities 
and the possilde differences of these two great gi'oups of celestial 
bodies were subjected to the most minute mid laborious scrutiny. 
He came absolutely to the same conclusion as hia predecessors 
had done, and for Sir William Herschel there was no doubt what- 
ever that from the most irregular nebula to the densest star 
there was a gradual process of change; that there was no radical 
difference, but that the star represented simply the result of 
certain evolutionary changes. This view thus strengthened held 
the field for some years ; then a larger telescope wag made by 
Lord Bosse ; a 6-foot mirror was now available instead of the 
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4-foot oae which hftd Imbcu erected by Hetsche! at Slough. 
Lord Ko3SG — we find the whole story admirably told iii Professor 
Niehol's book. The Architecture of the Heavem — came to the 
conclusion that when he observed a so-called nebula on the 
finest possible nights, when the air waa stillest, and the maj^ui- 
fying power which he could use was greater than usual, he could 
see what he called the possibility of a resolvability in it. That 
is to say, nebula; might after all really be star-clusters, only 
immeuaely remote, so that the light of all the stars was, as it 
were, so blended together as to give that appearance of a candle 
seeu through hom, whicii Mnuitettuis and his predecessors had 
observed. 

Next we come to the year 1862, and we find a new instrument 
brought to bear, which at once drove into thin air all the state- 
iiieuts which had been made on what had turned out to be a 
line of inquiry which was incapable of giving a. final verdict. 
It 80 hapi>ened that in that year there was a very [wwerful 
combination fomied by a diatiuguished chemist and philosopher, 
Dr. William Allen Miller, the Treasurer of the Royal Society, 
who had already done admirable spectroscopic work, and a 
neighbour of his, Mr. Huggins, who had mounted a powerful 
telescope in 1856. The 8i)ectro8coi>e, which was then practically 
a new inatrunient, was attached to tlie telescojie. 

The tirat question put to the combined instruments was: 
What is starlight like? It was found that the stars give a 
s|>ectrum very much like the spectrum of the sun, in some casee 
at all events, and that this siieclnim could be defined in the light 
of the third axiom (p. 15). that part of the light was absorbed, 
tltere were dark lines in tlie spectrum ; and thus we knew that 
light had been absorbed by an atmosphere sunrounding aonie- 
tliing which was very much hotter than itself, and in tliat way 
the science of solar and stellar physics was founded. 

The second question put to this instrument was what is the 
light of the nebuln- like > 
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I have already stated that Laplace held that in these bodies 
we were dealing with gas at a high temperature. From the 
time of Tycho Bralie downwards people had an idea that the 
nebulie were "fiery," What should we expect to get in our in- 
strument ? 

The second axiom tells us that, if we are dealing with matter 
in a Btat« of gas, or anything vapourous at very high tempera- 
ture, we shall get bright lines only. The question as to the 
nebulce was put iu 1864, and, curiously enough, when the ob- 
servation was made, the observer, IJr. Huggins remarked : " At 
first I suspected some derangement of the instrument had taken 
place, for no spectrum was seen, but only a short line of light 
perpendicular to the direction of dispereion."' " Only a line " 
was exactly what I suppose Laplace would have given all he 
possessed to see, if spectrum analysis bad been invented in his 
day. 

Tliat Hne settled the question. There was certainly a tre- 
mendous spectroscopic difference between stars and nebulic, and 
this dili'erence has been emphasised by subsequent researches. 
It is evident, therefore, that Lord Eosse's suspicion that the 
nebulffi might, after all, be found to be resolvable into star 
clusters wlien greater optical power was used, was proved to be 
erroneous. 

This, then, was a great point gained — a solid advance, but 
unfortunately the spectroscopic observations of the nebulse led 
Dr. Huggins to the conclusion that the result of his inquiries 
was rather to show tliat the connection, wliich had been aaseited 
both by Kant and Laplace, and which had been accepted by 
everybody up to then, really did not exist. In a paper which 
detailed these spectroscopic observations, publislied in 1864, 
Dr. Huggins stated his conclusion that the nebula^ insteail of 
having anything whotever to do with any evolutionary line 
along which both uebulie and stars might be traced, possessed a 
> PML Tram., 1864, p. 438. 
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atruclurc aud a. purprae in relation to the universe altogether 
distinct and of another order. 
He wrote : — 

" We have in these objects to <lo no longer wilh a special niodldcatiou 
only of nur own tTpe of siuis, but fiud oarselves ia the preseoce of objecU 
pownsBin^; & |ieculiar anil distinct plan of structure." ' 

AiiJ again in 1865 : — 

" Ttie nebulie which give n giueoits apectrum are ajatetDs poaseBsinf; n 
structure, and a purpose in relation to the univene, altogether diatiuct 
aud of another order from tiie group of coamical bodies to which our stiii 
and the liied stara belong."' 

So that the first apparent teaching which we got from the 
spectroscope practically put ns in a very considerable difficulty ; 
if it were accepted, of course the views of Kant and Laplace 
would have to 1« rejected. 

Now, if we fomi any conception of nebula; changing into 
stars, we be^^n by knowing that the stars are very much denser 
than the nebulae — taking the sun as an instance, the star prac- 
tic4Llly close to us — and that, as the stars are denser than the 
nebtilie from which they are fonned, they must at some sta^ 
be hotter than the nebulie, instead of being colder. 

This conclusion follows upon the application of tliermo- 
dyiiamicA, and had been indicated in 1854 by Helmlioltz, wlio 
showed that — 

" It was uot necessary to suppose the nebulous matter to have beon 
fiery, but that the mutual gravitation between its paria may 
generated the heat to which the present high tempersture of the sua 

The New View. 

Sit William Tliomson, now Lord Kelvin, pointed out quite 

distinctly, in 1871, that tlie hypothesis of fiery nebulous matter 

— by that meaning nebulous matter hotter than the stars — was 

invented before the discovery of thermodynamics. 



' pit/. Tmim,. 180*. p. *«. 
■ Prae. Rog. Sac., 1!I6S, toI. i 
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" The old nebular hypothesiH BUppoeee the solar syatem, and otlier 
Bimilar BjBtenia through the universe, irhich we see at a distance fts sbira, 
to have originated in the condensation of £ery nebulous matter. This 
hypothesis was invented before the discovery of thermo- dynamics, or the 
nebulie would not have been Buppoeed to be fiery; and the idea seems 
never to have occurred to any of its inventors or «arly supporters that 
the matter, the condensation of which they supposed t« constitute the snn 
and stars, could have been other than fiery in the beginning."' 

More than this.Lord Kelvin told ua howhe could imagine a con- 
dition of nebulie which might ultimately condense into stars with- 
out violating the laws of thermodynamics, which were completely 
traversed by Laplace's view ; and he referred to a suggestion 
that had been made by Professor Tait, who supposed that the 
luminosity of nebnls, and even the spectroscopic appearances 
which have been observed, might be explained by supposing 
that we were dealing with gaseous exhalations proceeding from 
the collisions of meteoric atones ; and he also pointed out that 
possibly that would not only explain the luminosity of nebulce, 
but the luminosity of comets as well. 

" But a solution, which seems to me in the highest degree probable, 
baa been sncgested by Tait. He suppoees that it may be by ignited 
ga&eouB exhalations proceeding from the collision of meteoric stones, that 
uebulie and the heads of comets show themselves to us.'' ' 

When I commenced my generiil survey in 1887, Dr. Huggins' 
view, in spite of the caveat of Lord Kelvin, was supposed to 
hold tlie field, and hence it was generally imagined that the ob- 
servations of Dr. Huggins justified the idea that the nebulie 
were niaasea of incandescent permanent gases. 

It may well be imagined that the view that the nebulie con- 
sisted of one or two permanent gases at once led to several 
mofct remarkable views of the genei-al constitution of the 
heavens. 

Towards the end of this nineteenth century chemists claim 
to know something of the materials which have built up the 

' Brit. Aiiof. RepoH, 1871, p. 99. 

' Lord Kelvin, Bril. Aiaoc. Addreii, 1871, 
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planet on whicli we dwell, and it we coDGiilt any of the books 
which have been written on spectrum analysis, giving the re- 
sults of the work during the last thirty years or so, we find it 
stated over and over i^n that the spectroscope baa put it for 
ever beyond doubt that the chemistry of the skies, i.e., the 
chemistry of the various bodies in space, which are at a suffi- 
ciently high temperature to enable ua to examine them spectro- 
scopically, exactly resembles the chemistry of the earth. So 
that, if this were true, we should have a common cliemistry of 
the earth, of the stars, and among the stars of course our own 

SUD. 

On the other hand, we should have, according to Dr. Huggina, 
absolutely and completely distinct from these bodies another 
class, the nebulte, in which the chemistry is absolutely and 
completely diHerent. This was so clearly the idea suggested to 
philosophical students of tliese questions, that Dr. Wolf, a 
famous French astronomer, who has written an all-important 
book for those who are interested in these inquiries, Lfs hypo- 
Ihises eoiiiwgoniquea, published in 1386, writes: — 

" If we admit the data of Hpectniiu Aiialj'siH an to the gaseoiiB etftte of 
ih«se aingular bodi«a, the nebulii^, &ud the Biiupltcitj of their compositioiia 
one in led to flee in tliem only t)ie residuum of the primitive matter ttiet 
COudetiB&tion into hudb and into planets has eittscted the greater part of 
the simple utemeDt« which we find od the earth and chemically in Home of 
the stars." ' 

It was perfectly clear then to Dr. Wolf that, if the constitu- 
tion of the nebula' was anything like what wjis supposed to have 
been revealed by the early spectroscopic observations, we were 
tlealing with a residuum. There was one kind of action in 
space, bringing together one class of elements with which we are 
familiar here, and forming them into stars, suns, and planets; 
but there was another kind of matter which declined to form 
part of these aggregations, which remained by itself, and finallj 
put on the appearance of the so-called nebulae. 

» RgpatkittM Coimosomiqittt, 1886, p. 7. 
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The complete discussion of all observations of comets, nebulie. 
and stars available in 1877 led me to tlie conclusion which Pro- 
fessor Tait had already suggested in the absence of spectroscopic 
evidence ; and the view that the nebuLe may be explained apart 
from any fiery permanent gas, and that we have simply to look 
to a meteoritic origin to explain both the appearances and the 
spectrum was shown to be in accordance with all the known 
facts. 

Dealing with nebula', then, aa a vrliole, it does not seem too 
much to say that we are justified in supposing that they may 
advance towards condensation along two perfectly distinct lines. 
If we consider a regular spiral nebula, like the one in Andro- 
meda, or a planetary nebula, we may imagine them living their 
life as nebulie without very much disturbance ; there is not 
mucli fighting to be done, they progress in orderly fashion to- 
wards the condition of complete condensation at the centre. 

But there is another way. 

In the nebula of Orion we get absolute absence of anything 
like regularity. In any part where the structure can be 
studied, we find it consists of whirls and streams crossing each 
other, some of them straight, some of them curved, the whole 
thing an irregular complicated mixture of divei^eut movements. 
BO far as the photogiuphs, wliich are absolutely untouched, can 
give us any idea of what is going on. Take, for instance, the 
magnificent streamer trending upwards. It gradually becomes 
brighter nntil it reaches one of the brightest parts of the nebula ; 
and observe, also, the stars which seem dotted over it as on a 
shield. It is quite obvious that we cannot, in such a stnicture 
as that, expect to get the same conditions that we met with in 
the nebula of Andromeda, and in the planetary nebulte. And, in 
fact, we do not. In this nebula, which speaks of disturbance 
in every inch of it, we have considerable differences in the 
spectroscopic indications. Carbon is replaced by hydrogen and 
helium. In such a nebula as this, it is impossible for us to 
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pick out the place of coDdenantion ; tlie cootleusation may be 
lieltl to be anywhere, for di'aturbauccs are obviously everywhere. 
Aiitl wc must remember that the part of the nebula ordinarily 
seen is but the brigliteat part of a nebula extending over a space in 
tlio surrounding neighbourhood, which recent research shows is 
scarcely limited to the constellation itself. 

The argnmenta I chiefly employed to prove the connection be- 
tween stars and nebulic was the great similarity of the spectra 
of nebulie and of the bright-line stars ; the relationships between 
the spectra of comets and ncbuhu ; the evidences of a relatively 
low temperature in the latter, and the wave-length and appear- 
ance of the chief nebula line. 

Shortly after I brought this evidence together photography 
came to our aid, and I am so fortunate as now to be able to 
prove the truth of my position by many appeals to Kature her- 
Helf ; that is, I can now refer for demonstration, not only to 
I spectroscopic evidence, but to autobiographical records wiLli 
which the heavens thunisclves have supplied us. I need only 
. refer to one instance in this place. Among the finest and most 
I wonderful of the nebulce is one which, unfortunately, we do not 
e here, because it is in the southern hemisphere ; it is that sur- 
rounding the star ij in a brilliant constellation. Argo, which it 
is quite worth while to go south to see, were there no other 
reasons. From the phutograph we see that there is such an inti- 
mate connection, such an obvious relation, between star and 
I nebula, that it is impossible for us to imagine for one moment 
I tliat they are not most closely and intimately connected. 

The discussion of all the observations available from these 
and other points of view which need not bo detailed here 
ahowcd, beyond all question, that there was no real ground for 
supposing a great difl'erence between the nebuhc and the stars. 
In the year 1887, after testing the views on this question by an 
appeal to all the available observations, I stAted that the facts 
taken in all their generality showed that the nebulu> simply 
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flcj. 28.- Nebula round ij Argiia (Dr. QiU). 

represent early stages of evolution ; that is to say, that wo liave a 
cuntiuuoua and orderly progression from the nebulie to the 
oldest star, and that the nebulis represent the first stage, and 
the oldest star or planet represents the last. It seemed to be per- 
fectly clear from the discussion that we were justified in stating 
that every nebula which is visible now will some time or other, 
owing to the condensation of its various parts, become a star of 
some order or another ; and that it is equally true to eay that 
every star which we see now in the heavens, knowing it to be a 
star, has really been a nebula at some time or another. 

It was the discussion of the cometary phenomena which indi- 
cated that the beginnings of nebiUfe consist in meteorltic 
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swarms, and indeed tbe complete inquiry sliowed that these 
meteoritic particles might account equally well, aa Professor 
Tait had suggested, both for the luminosity of comets and of 
nebulu. 



How THE New View has Faked. 

How, then, h&a the new hypothesis fared with regard to this 
point? I am glad to say that among the first to accept the new 
evidence, proving that nebula; are really early stages of evolu- 
tion of stars, was Dr. Hu^ins himself, the observer wliose 
directly opposed statement I have quoted. He sajs now not 
only that these bodies may represent early forma, but be places 
them in the line of evolution where I had placed them. His 
exact words are as follows : — 

" It nhy bo thiit they represent an early stage in the evolutiouary 
chiuiges of the heavenly bodies." .... 

" Tbete bodies m»y sbuid at or near the beginning of the evolutionary 
cycle, so far lis we uan know it. Thej consist prob&bly of a gas at a high 
teiupemtiirt> and very tenuDOi."' 

He even adduces the same uvidenco which I had brought 
forward in several of the arguments which I had employed. 
Dr. Huggins made a reference to this question as President of 
the British Association in tbe year 1801. That part of his 
address is reallj an argument in favour of the views that I have 
been insisting upon since 18S6, and hjs agreement seems all the 
more important, since Dr. Huggiua appears to have arrived at 
these conclusiona quite independently. Not one word is said 
throughout the address of any ailments which I had usei.1, 
or of any line of thought or observation on which I had 
founded the various statements which I had made ; and, there- 
fore, it would he charitable to suppose that he was unacquainted 
with my work when that address was given to tbe world, I 
think I am quite justified in drawing general attention to this 

■ Proe. Bey. See., toL xlri, US9, p. 69 
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very extraordinary change of opinion ; so extraordinary, indeed, 
was it that it is clear that Dr. Huggins felt that it was of 
importance to himself that the change should be explained ; 
and he confesses in the address to which I refer tliat the com- 
munication he made to the Eoyal Society in 1864 was not 
entirely founded on scientific evidence, but partly made under, 
to use his own words, "the undue influence of theological 
opinions then widely prevalent" 

It is fortunate for that large public which takes an interest in 
scientific matters, that the statements made by men of science — 
on which statements it is compelled to rely, and on which it 
builds its views of the universe and all it contains — are not, as 
a rule, thus unduly influenced by prevalent theological opinions. 

I do not think I am going too far in stating, that this funda- 
mental point of the meteoritic hypothesis is now conceded on 
all hands; indeed, it has arrived at that interesting stage in 
which the only objection urged against it is that it is not new. 

The more one knows of the history of human thought, espe- 
cially during the last three centuries, the more important does 
this new acknowledgment of the working of evolution seem. 
Indeed, it is one of the most important truths established during 
the present century. 
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The Fibst Spectkoscopic Kksdlts. 

So far, then, we have found that there is now a common 
agreemeut that uobulaj represent early forms in the evolution of 
the heavenly bodies. 

It becomes itiijjortant to point out that some of the first 
statements made on spectroscopic evidence regarding their 
chemistry must now be withdrawn as completely as those 
relating to their relation to the other bodies composing the 
cosmoa. 

Dr. Huggins' view as to their chemical constitution was that 
they were mainly, or to a large extent, composed of nitrogen. 
This idea was based upon his measurement of the chief line in 
the nebular spectnim. When nitrogen is observ'ed by means of 
a spectroscope, a double line is seen very nearly coincident with 
the line of the nebuhe. Dr. Huggins tliought that the chief 
nebular line was exactly coincident with one constituent line of 
the double line of nitrogen, and, because there was apparently 
no line in the nebular spectrum corresponding with the other, 
he thought, also, that the nitrogen might not be nitrogen like 
that with which we are familiar, but an unknown form of it. 

He wrote : — 

" The EpMuUtioii prcsenta itaeU, whether the oocurrence of this one 
line only in the nebuUe ma; not indJoite k form of ra*tt«r more element- 
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a,ey than oitrogen, and whicli our analysiit haa not yet enabled iis to 
detect"' 

There was uo dotibt from the begmning thai the other line was 
a line of hydrogen, although there was some slight doubt as to 
whether the hydrogen in the nebulie behaved exactly like 
hydrogen on the earth, 

When I undertook the general discussion of all existing 
Bpectroscopic observations of the nebulic in 1887, I brought 
together the work of others, in the first instance ; I made no 
observations myself. After niy book was written, however, I 
took steps to make special observations of my own, and I pro- 
pose to refer to these before I go into further details concerning 
the discussion. 

Special Stuuy of the Nebula of Oriom. 

The nebula of Orion was selected, and photographs were 
obtained of its spectrum in order that it might be very care- 
fully studied from the point of view of the chemical substances 
wliich may be building up this special spectroscopic type. 

The photographs were taken with my 30- inch reflector at 
Westgate-on-Sea in 1890. The focal length of this telescope 
is about 11 feet, so that, neglecting the loss of light due to 
absorption in the case of the refractor, and to reflection in tlie 
case of the reflector, the brightness of the image formed on the 
slit of the spectroscope by the Weatgate telescope is about six- 
teen times that of the image formed by the Lick telescope, and 
it is scarcely necessary to add that, having tliis great illuminat- 
ing power, the collimator of the spectroscope has been designed 
to take full advantage of it.* 



> Froe. Boy. Soc., Sept, 1864, p. 444. 

* The reniBrks of Profensor Keeler (A,t. ond Ait. Phy,.. Janiiary, 1894. 
p. 61) and Mr. CampWU (Atl. aad Ait. Phgt., Ms;, 1804, p. 385), u to tho 
relatiTO eOicieDCir of telescapes in regard to the obeervution ai apectrum linea. 
Hem to indicate that the matter Lai not been lufficiantlj thought out ; but it 
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would kppMr lliat ProfMiioT Ckinptwll, who hu luccMidcd Profwur Keelerat 
the Liok Obtmtorj, ti of the Mma opinioo u mjtolf. for he ■rit*« (jUI. and 
AH. Fkft., 1803, p. &3) : " The 30-iDoh tclcfcope pmenU tcTcntl po^itir* du- 

adTuUgei This mio of the fooal Icogih 19 : 1 ii much brger Uuta 

ctitU in iiiikII UloHope*, tad henoe the lattor would form much brigbler 
luugM on UiK ijit pUtr." 
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A spectroscope by Hilger, haviug one prism of 60° and two 
half-prisms of 30^ was used ; but, in spite of this feeble disper- 
sion, exposures of four hours were required. 

The photographs show a greater number of lines than otliers 
which have been described ; one contaiua something like fifty 
lines, wliich have been measured ; but in the attempt to enlarge, 
a great many of these have been left behind. 

The photographs were taken on February 2, 8, 9, 10, and 11, 
the fourth with an exposure of three hours. 

Aa a collimator had not been fitted to the tube of the reflector, 
the exposure of the plate to the flame of burning magnesium, 
in oi-der to obtain a comparison spectrum, was made by closing 
the mirror cover, and burning magnesium at its exact centre. 
One half of the slit was exposed to the nebula, and the other half 
to the burning magnesium. 

The part of the nebula photographed was the region of the 
trapezium, the brightest part io the accompanyuig reproduction. 
In some pliotographs, in consequence of clock u-regnlarities, the 
stars of tlie trapezium have imprinted their spectra upon the 
plates, but theae in no way interfere with the spectrum of the 
nebula, since a lougish slit was used, and the spectra of the 
stars are narrow. 

There is a remarkable mid almost absolute similarity between 




position of slit iu pliDtugrapli of February 10, 1890. 
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the photographs obtaiued. The best one, taken on February 10, 
shows all the lines of the other photoj,'raph3 with otbera in 
addition, aud this has, therefore, been selected for the deter- 
mination of wave-lengtlis. 

The probable wean position of the alit during the three 
hours' exposure of this photograph is shown in the figure, but 
the irregularities in the driving caused all the stars in the 
trapezium to cross the alit at diti'erent times. 

It has not been found possible to reproduce the negative with 
advantage in consequence of ita small size, but Fig. 31 gives a 
good idea of the appearance of the eleven principal lioea, and 
the position of the st£ll»r spectra on the plate. 

The principal lines are the three ordinarily seen in the visible 
spectrum, the lines of hydrogen at H,, Ha, H,, and Hj. and the 
strong line in the ultra-violet near X 373. H, is by far the 
strongest line in the spectrum. The photograph was measuretl 
with a micrometer reading to O'OOOOl inch. 

Variaiums of tkt Spectrum in DiffererU Stgions. 

In observations with a 12-inch mirror in the year, 1889,' " I 
obtained momentary glimpses of many bright lines between H 
and H^ on October 31." These were also eeen by Mr. Fowler, 
and it was observed that, as the slit was swept across the 
nebula, in some parts the lines were seen together, while in other 
parts first one group and then another made their appearance. 
In the same paper I referred also to the variations in the same 
jUld of view of some of the lines. These observations were 
made with an enlarged form of pocket spectroscope, with a dis- 
persion that does not split 1). I found that in certain parts of 
the nebula, in the same field, certain lines were knotted, as often 
seen in prominences on and off the sun, and in other parts 
broken ; in the former case, whilst the F line thickened equally 



' Proe. Boj. Bar., roL xltui, p. 105. 
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nn both sides, the cliief nebular line tliickencd only on the d 
refrangible side. 

This resnlt is shown in Fig. S2. 




Fia. 91.— Difference id ihe npppanoco of tUe liaet >t ltH12 iFj nud 6006 S. 

This was confirmed by Messrs. Fowler and Buxsndall at 
Kensington, with the 10-inch equatorial, oa October 31 and 
November 1. 

In my own observations in 1891, with the 30-inch reflector 
at Westgate, the variations were very striking. 

One previously recorded is that of the strong line in the 
Ultra-violet near X 373. This was the strongest line in the 
photograph taken by Dr. Huggina in March, 1882,' but it was 
not shown in Dr. Draper's photograph taken in the same year.* 

Dr. Draper wrote : — 

" I hftve not found tl)« lini.- aX 3T30, of which lie (Dr. Huggine) speaku, 
though I have other lines which lie does not appear to hare pbotogn^ihed. 
Thb may be due to tlie ftict that bv had pUced liia slit on a differcul 
region of the nebula, or to his emplojment of a reflector and Icehuid spar 
prism, or to the u«e of a different sensitive preparation. Nevvrthelew, 
tnj reference spectrum extends beyond the region in question." 

A later photograph (1889), taken by Dr. Huggina,* did not 
show the line in question, the slit being placed on a difl'ereut 

' Pree. Sag. Soe., vol. uiui. p. 427. 

* Amur. Jomm. of Scujkv, (S), toI. xiiii, p. 330. 

* Prce. Sog. Soe., toI. ilri, p. «1. 
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part of the nebula. As already stated, the line is one of the 
strongest in my photographs, tliough it is not quite as strong as 
Hy. The spectrum photographed by Dr. Huggins, in 1889, 
differed entirely from those photographed by him in 1882 and 
1888, the slit being again placed on a different region of the 
nebula. 

My own photographs are specially interesting, as they indicate 
differences even in the small area of the nebula which is covered 
by the slit during a single exposure. Some of the more im- 
portant variations are indicated in Fig. 31. The stars, the 
spectra of which are registered on the plate, will be readily 
identified by a comparison of Figs. 30 and 31, the spectra of the 
trapezium stars being shown at the bottom of the diagram, and 
that of the star G. P. Bond 685 (Herschel's e) at the top. 

It will be seen, for example, that the line near X 495 falls off 
in intensity about the middle of its length, while the lines of 
hydrogen show no such reduction in the same part of the 
nebula. If we first consider the phenomena, in the neighbour- 
hood of the star G. P. Bond 685 (Herschel's e), near the 
trapezium, it will be seen that here the lines 4471 {/) and 4495 
are most intense. In this region tliere is also a distortion of 
the two lines at 4471 and 4495 : they are sharply bent towards 
the red end of the spectrum, whilst the other lines remain 
sti'aight Unfortunately, the spectrum of this star is only 
shown on the photograph of February 10, and, in the absence 
of other photographs, it in possible that the displacement of the 
two lines in question may be due to a distortion of the gelatine 
film. The displacement of the lines, if real, would indicate a 
velocity of about 200 miles per second, in the ]ine of sight. 
Both lines are brightest where they are most disturbed. 

It will be seen, also, that where the lines of the nebula cross 
the continuous spectrum of the star, they are considerably 
broadened. This is seen in all the principal lines from X 373 
to X 495. 
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Where the chief line (500) crosses the apectnim of the star, 
there is a decided indication of a reversal. As it approaches 
the star, the line bifurcates and reunites on the other side, 
leaving a short dark line where it crosses the spectrum of the 
star, as shown iu Fig. 31. This reversal is not seen in the case 
of the hydrogen lines, but if it be subsequently confirmed in 
the case of 600, it will be an indication that some of the 
nebulous matter lies in front of the star in question (Bond 685 ; 
Herschel e). 

Coming now to the region of the nebula about the stars of 
the trapezium, it will be seen from Fig. 31 that the bright lines 
are considerably widened where they intersect the spectra of 
cht) trapezium stars. Id this case the hydrogen line at \ 4340 
is widened very little on the less refrangible side, while, on the 
more refrangible side, the widening is n&irly as great as its 
own breadth. Further, on each side of the line there is a 
decided break in the continuous spectrum of the stars, giving 
the appearance of a broad absorption band, with the bright 
hydrogen line running through it. Tliis appearance is almost 
ttly reproduced at Hj. 

Dr. Draper' appears to have noticed a peculiarity in the 
igen lines where they crossed the spectra of the trapezium 
in his photographs of 1882. He says: — 
The hydrogen line near G, ware-length 4340, is Btrong uid Bharplf 
tb»t at A, wave-length 4101, Ih more delicate ; and there are 
UM bMn of other lioea in the violet. Among these lines there is one 
polnftaf £Arence, eapeciallj well shown in a photograph where the slit 
WM.fibMd in a north and south direction acrons the tnpezium ; the Ht 
lln^, X 43-iO, is of the same length as the slit, and, whcrv it int<:rsects tho 
epectrunt of the trHpeztnm ntan, a duplioition of effect la noticed. If this 
ia not due to flickering motion in the atmoaphere, it would iadicate that 
lijrdrogvu gas was present eri^n between the eje and the trajioduni. 

» I think the same is true of the Hj line, X JIOI." 



. n/Scinn, (3), Tol. 3 
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The line at 500 ia only feebly impressed in the neiglibourliood 
ot the trapezium stars, and no reversal ia visible. 

It is clear, therefore, that the spectrum of the nebula varies 
very considerably in dilferent regions. In other words its 
chemistry varies in different regions. 

The General Cficttiidry of the NebiUa. 

For this of course we are dependent upon the measurement 
of the wave-lengths of the lines photographed, and in this 
measurement it is impossible to give them with an accuracy 
greater than that expressed in tenth-metres, that is ten mil- 
lionths of a millimetre. 

All the lines thus measured are shown in the table wliich 
follows. In all, fifty-four lines have been recorded, and, of 
these, aljout twenty are seen without difficulty. The i-eniainder 
require a favourable light, but no line has been inserted in the 
table which has not been measured several times by two 
observers. The spectrum extends from the ultra-violet to the 
green, and the intensities of the lines on the photographs 
naturally do not correspond to the visual ones ; the F line, for 
instance, appears stronger than the brightest line in the visible 
spectrum at X 5006. The photographic intensities are recorded 
in the table, six representing the strongest and one the feeblest 
line. 

The Origins of Oce Lines. 

It will be seen from the table, that hydrogen enters largely 
into the composition of the gases of the nebula. H , H^, Hj, 
H„ and the ultra-violet series, certainly aa far as H. (new nota- 
tion),' are all present 

It is worthy of remark, however, tliat while, as previously 

■ Togel, Att. Naei., 31))8, 1893. 




VII.] 



THE CHEMISTKY OF THE NEBUL.^ 



95 



Tabli I.— Lines Photographed in the Spectrum of the Orion Nebula, 

Februarj 10, 1890. 



Wave- 
length. 


Photo. 

graphic 

intensity. 


Probable 
origins. 


Wave-length 

of probable 

origins. 


! 
Remarks. 

1 


3707 -4 


2 










3715-4 


1 








1 


3729 -5 


6 










3743 -6 


1 










3752 -6 


1 


II 




3752 -05 


H. 1 


3770-6 


1 


11 




3770 -70 


He 


3796 -6 


2 


u 




3798 00 


lie 


3833 -6 


2 


H 




3835-60 


lU 


3847 -6 


1 










3855-7 


1 










3808-7 


4 


He 




3867 -61 




3887 -7 


4 


H He 


« 


3888 79 

3889 -15 


He 


3902-7 


2 








• 

1 


3910 -7 


1 








1 


3933 -7 
39^11 -7 


•> 
1 


Ca 




3933 -83 


K line, Solar Spoct. 


3949-7 


1 










3968-7 


5 


Ca H 


{ 


390S-63 
3970 -25 


Ca 
He 


3984 -7 


1 










4000-7 


3 










4010-7 


2 


Ga^ X 




4009-42 




4025-7 


3 


lie 




4026 -34 


1 
1 


40« -6 


1 








1 


4054-6 


2 










4067-7 


2 










4086-7 


1 








1 


4101 -8 


(> 


11 




4101-85 


IT* 


4120-8 


1 


He 




4120-97 




4129-8 


1 










4142-7 


1 


GasX 




4143 -92 




4154-7 


2 










4167 -7 


1 


OasX 




4169-13 




4204-6 


1 








1 


4*226-6 


1 


Ca 




4226-90 


Flame line i 


4234 6 


1 








1 


4269-6 


2 










4340-6 


6 


H 




4340-66 


Hy 


4385-7 


1 


Fe 




4:^83 -72 


Strongest flame line of iron. 


4389-7 


2 


Gas X 




4388-10 




4410-7 


1 










4126 7 


2 










4471-8 


4 


He 




4471 -65 


Lorenzoni'i/. 


4495-8 


3 








* 4639-8 


2 








1 


4d27-8 


2 
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Table I — continued. 



Ware- 
length. 


Photo- 
graphic 
intensity. 


Probable 
origin. 


Wave-length 

of probable 

origins. 


1 
Remarks. 


4715 -9 
4735 -9 
4825 
4840 
4862 
4897-9 
4923-9 
4958 
5007-3 


2 

1 
3 
2 

6 
3 
3 
4 
5 


He 
C 

H 
GaaX 

Mg 


1 
4713 -25 ! 
4737 18 

4861 -49 H^ 

i 

4922 -10 

1 

5007-18 "Chief" line 

1 



Stated Hy is the strongest line in the whole spectrrm, and H , 
He, and H, are also strong, the ultra-violet hydrogen lines are 
amongst the weakest. 

Next to Hy, the line \ 373 is tlie most intense. In 1887 I 
suggested that this line was one of the members of the triplet 
seen in the spectrum of burning magnesium. The wave-length 
could not be finally determined, but it was probably near 
\ 3729. 

This value, however, will require correction for motion in the 
line of sight. If Mr. Keeler's values* for the motion be accepted, 
and the eaith's orbital velocity be allowed for, the correction 
will be about 0*22 tenth metre towards the red. This will bring 
the nebular line slightly nearer the least refrangible member of 
the magnesium triplet. Further measures of photographs taken 
with higher dispersion are necessary in order to settle this point. 

The lines next in importance to those already mentioned, are 
near wave-lengths 4471, 4495, and 3868. The first of these, 
the strongest between Kp and H , is probably the line observed 
by Dr. Copeland in 188C. With reference to this line, I wrote 
as follows in 1889.* 



» Proc. Rot/. Soc, vol. xlix, 1891, p. 400. 
3 Ibid., vol. xlvii, p. 30. 
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" The oWrvatioiis of Dr. Copelaod hav« dow, I think, enUblished the 
ideatitv of the yellow line, in the neliula of Orion at all cvauts, with 1>*. 
Ill a lett«r to Dr. CopekiiU 1 suggested that the line at X 447 was, in all 
[trobability, Lorenzoui's / of the cliromo«|.>here spectrum, seeing that it 
was sssocial«d both in the nebula and chromoHphere with hydrogen and 
D*. Tlijg he believes to be very probable. Tlie line makes its appear- 
luice In the chromosphere Hpectnun about 75 tiruea to 100 appearam^s of 
D', or the lines of hydrogen." 

1 liiivi! leceiitly Oiscovere<l tliKl tlio iiliove line is due to the 
cleveite gases, ami I have foimil tlitit all the lines of these giises 
in th(! region wvered by the photognii>h are present, so that tlie 
tsxistenve of these gasea in the nebula is as clear as is tliat of 
hydrogen (see ante, p. .'{9). 

Only a small proportion of the lines now mnppBd can l>e 
ascribed to metallic origins, but these, it will he seen, are among 
the chief lines in the spectra of tlie elements confemi>d. The 
table shows that a number of the lines still ajiiiefir U> have no 
terrestrial equivalent, but ihey are i-rcsent in the spixitra of 
other celestial bodies. 

Thk Plaketabv Nkbuuc. 

We can pass from such a nebula as that of Oriuu to the widl- 
Icnown planetary nebuLv. Almost all the knowledge which wi- 
have of these uebida' we owe to the labours of Sir William unil 
Sir John Hei-schel. So far as appearance goes, we have in these 
planetary nebulie almost to deal with a planet like Jupiter, except 
that we do not see the belts. That is why these liodies are. 
ca11e«^I planetary nebnhe ; tliey give iw the idea that we are 
dealing with disc& Among them we juisa from a nebula which 
is simply discoidal to others in which we find a very faint disc, 
including a much brighter condeusatinn at the centre. There ara 
othera in which we get a very strong condensation towards the 
centre ; there is a very considerable difference in the intensity 
of the light given out as the centre is approached. 

We owe most of our present knowledge of the spectra of the 
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planetary nebuUe to the labours of Professor Campbell of the 
Lick Obsen^atory, and to Professor Pickering of Harvard. The 
result of their work goes to show a great similarity between 
the si^ctra of these bodies and that of the nebula of Orion. 

The Chief Nebular Line. 

Having given an idea of the new researches, I next come to 
consider the only point which has given rise to discussion. 
This has to do with tlie origin I assigned to the chief nebula 
line, the wave-length of which I took from the old observations 
I had brought together. While Dr. Huggins had declared for 
nitrogen in some unknown form, certain obsen^ations, fully 
recorded in the Mctcontic Hypotlicsis, had suggested to me that 
the line might owe its origin to magnesium. 

I have already shown how Dr. Huggins in his address as 
President of the British Association had, apparently from quite 
independent inquiry, announced my main contention, namely^ 
that there is an evolution of celestial forms, and that nebulje 
and stars do belong to the same order of celestial bodies, and 
had withdrawn his earlier statement in the opposite sense as 
having been made partly on theological grounds. 

I am now compelled to add, but I wish to make my state- 
ment with the utmost courtesy, that a complete study of the 
literature shows that he was quite familiar w^ith my work all 
the time, and thiit wliile he thought fit to republish my main 
contention as his o\nti on the one hand ; on the other he was 
engaged in attempting to throw discredit on my work, and to 
conceal his retreat after the manner of the sepia by a great 
cloud of ink — ^i)rinter s ink, referring to a minor point. 

It will be clear to most people that the moment the main 
contention of a discussion has been accepted it is not neces- 
sary to discuss the argimients, especially the least important 
one, which have led up to it, but this was Dr. Huggins* 
position. 
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1 have stated in the Mdeoritir. Hypntlifsia the consider- 
able umount of research M'hich was iindertukeu to ascertain 
the tnie wave-length of the nebular line, and to account for 
the various curious appenrauces which had lieen noticed in con- 
nection with it ; some of these I have again referred to in the 
prnsent chapter, p. 91. 

As a result of all this inquir}* I stated that its position in 
the spectrum did iwt correspond with the line of nitrogen, to 
which element l)r, Huggina ascribed it ; that with the highest 
dispersion I could employ it did coirespond vdih a fiuting of 
magnesium, and that its fluted nature would account for the 
atninge appearances to which reference has been made. 

One word hefore I pass on, i-egarding tlic difference Iwtween 
line and fluted spectra. Line spec^tra will Ije familiar to all my 
readers ; they are built up of the images of tlie slit irreguUrly 
spaced throughout the whole length of thf spectium. The two 
spectra of barium and iron, given in Fig. 3^, may be held to 
represent this type. 




Besides what we term Hue spi'Ctra. then- is another thorovighly 
wcll-recogniseil chias, wideh we call fluted Rpectra. Wcause it 
reminds one of the flutinjp of n i-nlumn. In these flutings, 
inAtvod uf the lines l>eiiig distributed irregularly, as in the ca»e 
of iron an<l Uiiriimj, we get a l>eautiful rhytiim from one part 
wfaetv the light rapidly degrades to another where there is an 

H 2 
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enhancement of the light, followed by another degradation, and 
so on. Indeed, we not only get main iJutings, but we get 
subsidiary fin tings. 

One of the tiutings seen in the spectrum of carbon is illus- 
trated in Fig. 34. 




Fio. 34. —One of the flutiugs of carbDn 



The difference in Uie appearance of spectral lines and 
flutings having been explained, I now go on to state tliat the 
luminosity referred to, as seen in the spectrum of magnesium in 
my experiments at the place of the chief nebular line was a well 
developed fivihig, and not a line. I give a photograph of it in 
Fig. 35. 

I have already said that with the greatest dispersion I could 
employ, the place in the epectmm of this fluting agreed with 
that of the chief nebular line. 

That, then, was one argument out of a great number in 
favour of the view that the luminosity to which the bright line 
of the nebula was due might really be produced in the nebula 
by magnesium vapour at a low temperature. 

Next, an additional alignment for that view was found iu the 
fact that almost every obsei'ver, including Dr. Huggins himself, 
had stated that, as seen in the spectrum of a nebula, the line did 
look somewhat different on one side to what it did on the other, 
and references were made to its being more degraded on tlie 
blue side. I had frequently observed myself that the line was 
degraded to the blue, never to the red, over parts of the nebula 



THE CHEMISTRY OF THE NEBUI..B. 
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of Orion which were more hiilliant tliaii the othera: and at the 
same time that another line, visible at the same time, instead 
of being degraded to the bhie like this one, was equally eased off 
on both sides (see ante. p. 0I),3othat the argument was complete 
that the appearances i)re8ented by t!ie line were not due to auy 
instrumental defect, because, in that case, all the lines would 
have behaved in the same abuonnal manner. Hence, then, I 
found myself justified in concluding aud subsequently stating 
{!) that the position of the nu^esium fluting wns coincident 
with tliQ line of the uebuljc in the apparatus wliich I used, and 
(2) that it resembled it in appoaranci'. 

The question was one of such extreme interest that I spared 
no pains in increasing the dispersion employed, and no c^re in 
trying to eliminate all instrumental errors. Even a siderost»t 
and a finnly supported horizontal telescope were employed to 
get rid of flexure. 

In the end a very much more powerful dispersion than had 
been employed by Dr. Huggina in his firet observations, and 
much more iwwerful tlian had been employed by myself in my 
first investigation, was employed. It is as well, however, to 
state that what I wished to do in the first investigations was to 
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), 36. — Showing objtM gt»>i of horizontal teles^Mpe uaod with aiderostat. 



iioderstAnd aud to clearly foUow the observations which hod 
been made previously by others ; if, therefore, I had attempted 
to go over tiie ground in the first instance with instrunieots ten 
times more powerful, giving me ten times finer results than my 
predecessors had obtained, it would have been the worst 
possible way to go to work, because it was essential for me to 
make the necessary comparisons with the old observations 
while not exceeding the instrumental means which had been 
employed to obtain them. 

The long and short of my various methods of observation 
was that they seemed entirely to confirm the idea which I got 
in the first instance from using telescopes and spectroscopes 
of very much smaller power. That, however, fortunately for 
science, did not satisfy Dr. Hu^iua ; he very wisely appealed 
to the American astronomers, and I am glad to say that the 
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skilful obseners of the Lick l!)bservatory took up this work 
witii iuterest, and employed iiistrunienta ia the itivestigalioii 
move poweiful than any I jxissessed, thus carrying matters a 
stage fnither. There were really two distinct hits of work to 
be done; first of al), one wanted the exact position of thi; 
Jine in tlie nebula.-, and after having got its liglit jjosition, its 
origin could lie thought out. We wanted also to see what the 
peal physical appearance of tlie line was, i.r., whether it was 
most likely a line or a Huting. It i.% not a little curious to note 
that all the statements which had been made suggesting a lluted 
character of the line were at once withdniwn when I rfferre<i 
its origin to the magnesium fluting. 

The Lick telescope is one of very considerable power indeed, 
and it is so suUdly built thai a very powerfid spectro8coi»e can 
Tm put on one end of it and used under almost the best }>ossible 
conditions for determining tlie position of lines. Still the Lick 
telescope is not the beat possiltle tele8<;ope to employ for any 
branch of work connected with ni'buhf, if the wm-k requires a 
great amount of light, because the longer the telescope, the 
larger the image which the object-glass gives ; for instance, if 
ve ore dealing with a nebula one degree in diameter, if our one 
degree ia written on a circle with a radius of CO feet, it will be 
a very much bigger thing than if on a radius of 10 feet, so we 
get a large image without increasing the light, and therefore are 
spreading the light over a very large area. As the slit of the 
spectroscope is a very email thing, all the light which is thrown 
outside the slit is of no use for our spectroscopic observation, S", 
whatever the size of the spectroscope may be, we want to deal 
with the smallest and brightest possilile image in order to get 
the best use out of the spectroscope, and that cannot l>e done 
with a long focus telescope. However, the imjioitant ijuestiou 
for the American observers was to det«nmne the exact position 
of the line, and Mr. Ketler s-xiu obtained some vi-rj- interesting 
results. 
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Fio. 37. — Noniiol position of the cbief nebular line, avconiinf; to Kmler. 

Fig. 37 represents the way in which l)r, Keeler, folhiwing niy 
example (see MeUontic Hi/potlums, \\ 301), i^uts liis last result. 
The upi>er i«irt ia a, representation of t!ie solar spectrum ; the 
numbers rejireseiit wiive-Iengtlia on Rowland's smle. According 
to his hitest value the wave-length of the nebular line is 
5007"05. He also shows in relation to it the lines of nitrogen 
as well as the fluting of magnesium, and we see at once that, 
although according to this drawing the magnesium does not 
quite correspond with the line of the nelmlw, it is very much 
nearer to it than ia either the line of lead or the lines of 



The publication of this i-esult uecessitated a fresh investiga- 
tion, to see what the exact facta were when we no longer com- 
pared the nebula with magnesium, but compared the magnesium 
with the solar si>ectruni, and, therefore, sought the true position 
iu which to place the magnesium line in relation to the solar 
spectrum. 

This gave me the value 5007"1S ; so that the difference was 
brought down to a difference of wave-lengths represented by a 
motion of five miles per second. 

Without labouring the matter further, we can say that the 
more the work done on this question, the more and more coin- 
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cident have these linus ln:cume. and there are some considera- 
tions which have not yet been taken into account. 

In order to give an idea of the relative accuracy which all 
these references to wave-length indicate, let ua suppose that we 
are trying to deiine the jtosition of a place in London on an K. 
and W. line runuiny tlirougli Charing Cross. Assuming Dr. 
Kecler's value to he absolutely true — and I expect it is as near 
the truth as we are likely to get for some time — we will suppose 
tliat it represents the nebular line situated on the statue of 
King Charles at Charing Cross. When Mr, Hiiggins first 
measured it (1868) he brought it to the East India Docks; his 
next attempt (1872-74) brought it to Hammeraraith. Dr. 
Keeler'a first observation (1889-90) brought it to Albert Uate; 
Ilia next, in 1891, brouglit it to St. James's Palace. Sulraequent 
work at Kensington, not yet completed, has brought it ncarur 
BtilL 

I trust I shall not be thought to be exceeding the liounds of 
decorous criticism when I remark that while Dr. Huggins has 
referred to the " inaccuracy " of my work in relation to this line, 
which is, apparently, indicated by Dr. Keeler'a results, he has 
never pointed out the three times greater inaccuracy of hia own, 
for anyone can gather from Dr. Keeler'a diagram that the 
nearest nitrogen line is three times further removed from the 
position of the nebula line than is Che magnesium Huting. 

Nobody believes in tlio nitrogen constituent of tlie nobulffi 
now ; and I presume I >r. Huggina has withdrawn, in fact, if not 
in words, his statement cMiucerning the coincidence ; for. in hia 
address as Prosidenl of the British Association, iu which, as T 
have already stated, Iu- withdrew his published statement as to 
the position of thi- nebulic aniong the various bodies that i>eoplo 
space, ho remarks : — 

'' The pro^reta of M-iciic- tuw been greAtl; ratuded by resting imporUikt 
Gonclosiona upun the ft|>pM«nt coincideoce of siogle liDee in RpectroscDih^ 
of very small resolving iwwer." 
An apologia of which everj-one will see the propriety. 
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I have referred to this point somewhat at length, although 
the coincidence with the fluting of magnesium is not funda- 
mental for the establishment of the view which even Dr. 
Huggins has now accepted, in the way I have already stated. 

Many who are, or rather were, in favour of the view that the 
temperature of nebulae is very high, while giving up Dr. 
Huggins' view of an unknown form of nitrogen, have objected 
to my assigning the chief line to magnesium on the ground that 
it is a low temperature line, and have suggested that it is a line 
sometimes seen in the solar chromosphere. It may be worth 
while to remark in this place, therefore, that the cleveite gas 
which accounts for so many lines in the solar chromosphere, has 
no line near the place. 



CHAPTER VIII.— THE NATUIiK OF NEBUL^; 



Ricn Stom oy New Facts. 

Is the I'l-evious chapter the chemistry of the iieliula- has liecu 
[ dealt with in some detail It has hocoine ubuiidautly clear that 
with the facts before us, now garnered in considerable iiuaiitity, 
it is impoasiblc to regard them merely as rrsidu/i, as masses of 
I nitrogen and hydrogen. The new wealth of observations has 
not only thrown a flood of new hglit on the orij^in of the speti- 
trnui, but has enomionsly increased the comiilexity of it. 

I propose in this present chapter, liaving cleared the chemical 
ground, to see what the prolwble nuture of the nebula- is to 
provide them with such a chemistry. This discussion will 
enable us to supply a test between ihc two rival hypotheses, 
one ihat ihe light of the nebuliv is <lue mei-ely to incandescent 
permanent gases taken at random, the other that it is produosd 
hy the collision of meteorites. 

In my lirst attempt to discuss the spectroscopic results, the 
Jacts I had at my disposal were very few, sixteen lines only had 
been recorded {Meteoritif ffi/jiol/uids, p, 2S7), whereas now 1 
have obtained fifty-four lines in one photograph ! In the first 
instance, I hail to eiiamine into the validity of Professor Tait's 
suggestion by referring to hydrogen, carlwn, and m^nesiuin. 
With regard to the latter snlistance I may remind my readers 
that, after studying all the nebula observations which 1 conid 
I ky my hands on, I went on to observe and to experiment 
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myself. Muteoritic dust was scjittered along tbc capUlaiy in 
a horizontal spectruni tube connected witli a Sprcngel aii--pump, 
so that an electric spark could be passed through the dust ; 
an image of the end-on capillary was formed by means of a 
lens on the slit of the spectroscope, and an arrangement 
for an ordinary electric spark in air served for a comparison 
spectrum. The point was to see whether there was any proba- 
bility that Professor Tnit's suggestion was right, by examining 
the spectrum of meteoritic dust. 

What I found was that in the spectrum of dust from several 
meteorites so examined, there was a line very near the position 
which had been stated by Dr. Huggins to represent the actual 
position of the chief line seen in the spectrum of the nebulie. 
That line I was able to trace home by comparative work, not to 
nitrogen, but to olivine, a substance which occurs in almost all 
meteorites even in iron meteorites ; and not only to olivine, but 
to one of the constituents of it, which is magnesium. 

But magnesium now is not the only metallic substance we 
can consider, for, in the previous chapter, I have shown that 
calcium, iron, and other metallic lines are now at our disposal 

It has long been known that all meteorites give off hydrogen 
and carbon compounds wlien heated, and Professor Eamsay 
Btates that he has recently detected cleveite gas given off in the 
same way.' It is equally well known that iron, calcium, and 
magnesium arc among the moat important metallic constituents. 

At the outset, therefore, an important advance was made, 
since on the new hypothesis, the spectrum of the nebula; must 
be built up by lines and flutings of the gases aud vapours given 
off by meteorites when heated by collisions. 

The CoNDiTioxs to be Studied. 

The fii-at point in the discussion, therefore, is to consider 

not what is happening in the nebula;, but what must happen in 

' I hare not succeeded in tliia. 
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a laboratory when meteorites and the subsUiuces tlicy TOntaiu 
are exposed to various temperatures; this will enable iis to 
consider what will liappcn to them when they are heated by 
collisions. 

Now, obviously the first things to be given oil' by meteorites 
heated by eollisions, and to remain visible longest, are the pfr- 
manent gases which they contain ; metallic vapours then pro- 
duced would, of course, soon condense and become invisible oil 
this ground alone. Hence we should expect hydrogen, the 
cleveite gases, and carbon compounds to be represented in the 
spectrum. 

This will l>e true for collisions generally provided the tem- 
perature produced by them la sufficient to compel the meteorites 
to give out their " occluded " gasea. Wien once out they may 
remain incandescent by virtue of their temperature, or even 
electric excitation may be postulated to render or keep them 
luminous. 

If one grant electrical excitation, a temperature low enough 
to expel the occluded gases may be sufficient to produco the 
luminosity of the permanent gases. 

Bat to study which metallic lines we are to ex^iect, we must 
particularise somewhat ; there must be under the conditions 
assumed collisions and collisions. In the laboratory, flame, arc, 
and spark spectra of metallic substances are recognised in the 
above order of increasing temperature, nud it is obvious that 
collisions, from grazes only to end-on encounters, with tlie diffe- 
rent heat conditions, must give ua different spectra. 

This preuitBed, let us next pass to the conditions present in a 
nebula on the meteoritic hypothesis. 

In order to make the distinction perfectly clear between the 
metallic Ibiea in the possible sources of nebula spectrum let me 
ask the reader for one moment to conceive himself in the middle 
of the gigantic battle which is going on, if the hypothesis be 
trne, between meteoritic particles in such a nebula as that of 
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Orion. We have particles rusliiug together in all possible 
directions, particles, uo doubt, different in origin. We shall ex- 
pect, among those niiUiona and billions and trillions of colli- 
sions, to get a very considerable niunber of grazes ; and the 
whole point of collisions among physical particles is that, if two 
thuigs go straight at each other, we get an end-on collision, 
, which may be bad for one or both of the bodies concerned ; the 
temperature under these circumstances is at a maximum. But 
the number of grazes, or near misses, must be very much 
greater tbau the number of end-on collisions ; in such a case as 
we are imagining, there will be an immense number of grazes. 
What will a graze do? It is simjily a aUglit collision; the 
temperature developed by it will be small ; we shall, therefore, 
get the production of vapours at ii low temperature, and if we 
get any luminous efl'ect at all, it will be one prosier to the 
vapours at low temperature. So that on first principles we 
should expect in such a nebula ivs the one we are discussing lo 
get a very lai^e number of grazes, giving us low temperature 
effects, 'and a very much smaller number of end-on collisions, 
giving us veiy high temperature effects, if the number of col- 
lisions due to this cause is sufhcient to enable us to detect 
them. 

To summaiTse : We are justified ia assuming that the most 
numerous collisions will be partial ones — grazes — sufficient only 
to produce comparatively slight rises in temperature. The 
metallic lines ^-ibible in the nebula spectrum, so far as it is pro- 
duced by this cause, will, therefore, depend upon the phenomena 
produced in greatest number, aud we may hence expect to find 
the low temperature lines of various metallic substances. 

In addition to the large number of partial collisions there may 
he a relatively small number of end-on collisions, producing 
very high temjieratiire, and, so far as this cause is concerned, 
there may be some metallic lines produced which are associated 
witli very high temperatures. 
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Hence the bright lines slioiild have three origins, namel)' : — 

(1) Non-condensable gases driven out of the meteorites by 

collisions generally. 

(2) Low temperature vapours produced by a large iiiuubei- of 

feeble collisions. 

(3) High temperature vaiiouis produced by a amall numlier 

of end-on collisions. 

Now, what is the truest way of determiniuy the results of 
high temperature in a Itody such as the nebula of Orion ? This 
is what I said on this point in 1894,' and I have nothing to 
withdraw : — 

" We want to know what the iiossiblr rwiulta of the highcnt l«ni>eni- 
ture will l>e. Tlie natural thing, I think, in to go to the san, whiuh i» 
pretty hot, and tlien liud out thv very hottest place, which wb cnn do by 
meana of our speiTtroKeope^, and then Htudy very carefully, for yuam even, 
the Bpcutrosnipic indicationH in tliat particDlArly hottest (iliuv of the 
iiearent ^tar which we uan get nt. I hope yo» will acknowledge tliat that 
ia a philoHophic way of going to work. Tliua we are landed iu wliat is 
called the chromosphere of the sun. The upper atmoxphere oi the sun 
niUHt be cool, but the clironiOHphere i» a thin envelope some .^,000 or 
10,00} miles thick, just outside the photosphere, agreed to lie the hottest 
pait of the aun within our ken, and therefore any metiillic lines which we 
itee Mpecial to that region are called chronospheric lines, and tliey ithoiild 
be pro|ier to high tein]ierature?<." 

Recent research has shown tlmt the most prominent metallic 
liniie in this i«gion, Inisides thos<3 of hydn^u and the cleveite 
gnses, are certain lines seen in tlie spectrum of calcium, strun- 
tium, iron, manganese, and magiiesinm. 

The number of these lines in comparison to the nuuiber of 
Frnunhofer lines is exceedingly restricted, and it may be further 
added that these lines are all enhanced at the tem)>eniture of 
the most [wwerful electric spark we can employ in such 
inquiries. 

From the sokr point of view then, the sun being n thing tliat 

we can get at better tlmn any of the other stars, because it is so 

' SatMrt, ToL lit, p. 13. 
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near to us, we are justified in saying that dealing with known 
substances these lines represent the spectrum of the hottest part 
of space about which we can Ije absolutely ceilain. Hence it is 
veiy interesting to intiuire whether or not these lines exist in 
the nebulie as representing high temperature. 

Study of the new Facts. 

Such, then, are the phenomena we have to look for. l^ext 
let ua examine into the facts the new work has brought us. 

I will begin with (1) the non-condensable gases driven out of 
the meteorites, that is, the lines of those substances which 
occupy the greatest volume (or largest area in a section); in 
other words, the lines of those substances which are driven 
furthoit out from the meteorites and occupy the interspaces, 
wliere possibly they may be rendered luminous by electricity. 
Chief among these, from laboratory experiments, we should 
expect hydrogen ; next, from the same experiments, we should 
expect gaseous compounds of carbon, and finally, as the result 
of the latest work, helium and its associated gases. 

The table on pages 95-6 shows that in the nebula of Orion 
we get all the first and last in abundance. In this nebula the 
traces of the compounds of carbon are not so obvious, but, on the 
other hand, in the nebula of Andromeda, we get them without 
Iiydi-ogen and helium. Taking both nebulic we get all three 
then fully represented. 

It is important to point out here that when, in 1888. the 
close connection between comets and nebulie .was forced upon 
me by the discussion of the observations, the spectrum of carbon 
had not been announced in the nebuhe, but I predicted that, if 
the nebulie were carefidly obsei-ved, we should find in them 
sooner or later indications of it for the reason that in almost 
every comet which has been observed, the spectrum of carbon, 
or of some compound of carbon, is the strongest and most 
obvious feature which is presented to ns. In 1889, i.e., only the 
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next year, matters were inado very much clearer by the tlis- 
covery, by Mr. Fowler and Mr, Taylor, of tLe spectniiu of carbon 
in the uebula of Andromeda, so there was a prediction verified, 
and such veritication is always a very precious test, since it helps 
lis to know whether one is going right or wrong. Tlie discovery 
of carbon undoubtedly strengthened the hypothesis veiy much. 
Observers are not all of one opinion as to whether the so-called 
" carbon spectrum " so marked a feature in comets is due tn 
carbon or a compound of carbon, but this Is immaterial for that 
part of the hypothesis now under discussion. 

Next a word with regard to the appearance of the cleveite 
gaaes. In regard to tliem we are not yet m the open, too little is 
known about them. If both they and the hydrogen and carbon 
compounds ar^ merely occluded in the stuiies of the supposed 
meteorites, they may be driven out by relatively low tempera- 
tures, and if they glow in the nebulie, by electricity, we luive no 
arguments in favour of a transcenileutal temperature. 

If, however, we regard another possibility that hydrogen and 
helium represent primordial states of matter, then undoubtedly 
their presence in the nebulte might indicate a very high tem- 
perature. 

There are some pointa in favour of this view. Hydrogen and 
the cleveite gases do not extend high in the solar atmosphere, 
03 hydrogen was once thought to do. 

How comes it that these so-called permanent gases cannot 
be traced above the sub's chromosphere ! Do they enter into 
combinatiun at a slight reduction of Lemperature. and if so, is 
not their appearance both in sun and nebula an indication of 
liigh temju'riiture after all '. 

Tliere is another matter, as I jtointed out in the Mdcoritic 
ffi/jwt/ictis (p. 388); one of tlie lines of hydrxiigi'n (H), in the 
Bpectrum of o Ceti, seems ab^nt from the spectrum, ua if tlm 
special radiation was absorlied by the calcium vapour of the 
same period ; if tliis be so th3n in that star, wMch I regard as 
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an advanced nebula, the most vividly incandescent hydrogen is 
tieing produced horn the meteorites, and does not exist exclu- 
sively in the interspaces. 

I next come to (2) the metallic lines due to the results of 



These are represented in the nebula of Orion by 0ame lines 
of iron and calciutn ; of these calcium is the most secure, as it 
has long been known that the line at 4226 is only seen stron^jly 
developed at low temperatures, while the lines at H and K are 
only strongly developed at high temperatures. In the solar 
cliromosphere the intensities of H and K to 4226 are as 10 to 1, 
in the nebula of Orion they are only as 2 to 1. 

There is also to be mentioned the possible representation of 
the chief magnesium fluting in tlie green by the chief nebula 
line at 5007 ; that fluting of magnesium is the lowest tempera- 
ture indictition of the existence of the metal. If magnesium 
becomes luminous at all by virtue of its temperature, one o£ 
the first things revealed to us speetroscopically is the fluting in 
question. 

Finally we have to deal with (3) the metallic lines, the 
results of end-on collisiona. It is here that the evidence is 
almost wanting. We do not, as I have shown, get the enonnous 
development of H and K seen in the solar chromosphere, neither 
can the high temperature lines of magnesium or strontium be 
traced. 

The remarkable result of the inquiry is then to show that 
the requirements of the hypothesis with regard to nebuliB are 
met in every point bo far considered by the new facts, on the 
assumption that the temperature is not too high. 

That is we certainly finil in the spectrum of the nebula of 
Orion, when it is carefully studied, indications of the gases 
which are known to he occluded in meteorites, and which are 
perfectly prepared to come out of them the moment we give 
tliem the least chance. Then, also, there is the indication of 
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tlie reaiilta of an iiifinitely great number of grazes in the shape 
of lines of metals wliich we see at the temperature of the oxy- 
hydrogeii flame, but which we do nut see so well, and alone, at 
the temperature of the arc and the spark. 

The tenour of the new evidence bearing on the view that we 
have to deal with luminosity produced by collisions in a sparse 
meteoric swarm is, I claim, all in my favour. 

If we were dealing with incandescent gas, the incandescent 
gas ought to leave off suddenly ; but all round the nebula, as it 
appears in an ordinary telescope, where there appears to be 
nothing at all, long exposui'es bring before us, as we have seen 
in Fig. 29, other portions just as rich in details, just as exquisite 
in their variety and tone as those ordinarily seen with the naked 
eye. Such a condition as that cannot be brought about by a 
mere homogeneous moss of gas at high temperature, but we 
can explain it quite easily by assuming that in such a nebula 
OB thot we ore dealing with, the luminosity is brought abou by 
disturbances, these disturbances giving rise to collisions among 
the particles which are apt to collide ajid gi\e out luminosity. 
The nearer they are to the centre of gravity of the swanu, the 
greater will be their chance of collision, and the greater will be 
the luminosity in the central portions. 

AU the arguments tend to show, therefore, that we are not 
dealing with gas, but witli masses of matter in certain regions 
of which, in consequence of general action, there is greater 
Inminosity given off by the particles of which the nebulae are 
composed ; in otlier regions where there is less action, we have 
lower temperature and less light. 

It is only right that I should state that when my book waa 
written I had not sufBciently thought out the collision condi- 
tions, which it now turns out supply ns with such n rigid teat 
to apply to the hypothesis. 

When the series of lines which were supposed to be asso* 
dated with high temperatures was first reconled in the 
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Bpectrum of the nebulie, I stated that possibly this might he 
due to the fact that in regions of space where the pressure may 
be held to be extremely low, we might be in the presence of 
chemical forms unfamiliar to ua here, because all we know of 
them spectroscopically here is the result of considerable tem- 
perature, and not very low presBure. It was therefore suggested 
that these Unes might represent to iis the action of unfamiliar 
conditions in space. If we have a compound chemical sub- 
etance, and increase its temperature sufficiently, it is dissociated ; 
but imagine a condition of things in which we have that same 
chemical substance for a lung time exposed to the lowest possible 
pressure. Is it possible that that substance will ever get pulled 
to bits ? If so, we may imagine parts of space which will con- 
tain these substances pulled to bits which really constitute finer 
forms of matter than the chemical substances with which we are 
generally familiar. So that we may possibly expect to get the 
finest possible molecules as distinct entities in the regions where 
the pressure is lowest. These forms are, of course, those we 
should expect to be produced by a very high temperature 
brought on by end-on collisiona ; hence the line of thought is 
not greatly changed in both the explanations. 

It must not be forgotten that the mystery is by no means all 
lifted from the region of thought brought before us by these 
considerations. It is perfectly true, as we have seen, that both 
hydrogen and the cleveite gases may be made to glow at relatively 
low temperatures, and, therefore, since they can exist as gases no 
argument as to the temperature of the nebulae can be deduced 
from the appearance of their lines in the nebular spectrum. 

I may next remark that a physical structure of the nebulie, 
other than that indicated, would be impossible when once it ia 
conceded that they represent early evolutionary forms. 

Astronomers, since the time of Rutherford, who was the first 
to deal with stellar classification, have established many dif- 
ferent classes of stai's as detined by the chemical substances of 
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which their atmospheres seem to be composed, so far as spectro- 
scopic observations enable us to determine their composition. 
One group of stars 13 remarkable for the presence of hydrogen 
in enormous qnantities ; wo assume tlnit because tlie lines of 
hydrogen are inordinately thick. In another we get not so 
much hydrogen, although it is still there ; but the predominant 
substances are iron and calcium. In other stars we get little 
hydrogen, if any, but carbon in enormous quantities; and, 
again, there are other substances, the quantities of which vary 
enormously, I refer to helium and its associated gases. Now, 
if stars contain all these different substances, and if they repre- 
sent epochs of evolution — and tins point is now conceded — they 
must be produced from something which actually or potentially 
contained these substances ; so that there, again, we get an im- 
portant argument in favour of the chemical complexity of the 
nebulae. 

The more inquiry procee<ls the more does the strictest chemi- 
cal similarity between all classes of heavenly bodies make itself 
matiifesL 

The presence of carbon, to take an instance, first recognised 
in comets is now recognised both in nebube and stars. In some 
stars carbon exists in enormous quantities. Here, then, we are 
in the presence of Uie fact that the statement that there is an 
enormous chemical did'erence between nebulie and stars, is 
shown spectroscopically to be unfounded, while the evidence 
also goes to show that there is a close connection between 
nebulae and cometn. 

I have already statc<i tliat authorities are not all of the some 
opinion witfi regard to carbon ; some hold that the spectrum la 
produced by carbou vapour, others that it is due to carbon 
compounds ; but the more it is held that it is really due to a 
compound, the lower the temi>emture of nebula? moat W. 
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Eesdlt of the Discussros. 

The total result of all this inquiry has been to justify the 
statement I made in 1887, that the mean temperature of the 
phenomena brought before ua in nebulie ia distinctly low. This 
result is of extreme interest and importance, because, remember- 
ing what was said about the objection to Laplace's view of high 
temperature gas because it violated the laws of thermodynamics, 
we have now, after minute study, como to a conclusion regarding 
the structure of these nebuIie, which is quite in harmony witli 
the laws of thermodynaniics, and the new view ia making way. 
"We hear no more of a finer fonn of nitrogen, and even 
Dr. Huggins has now come to the conclusion that in nebulie we 
have distinctly a relatively low temperature. His change of 
front on this point is as remarkable as on that touching the 
constitution of the nebulie ; and, again, I can claim it as a 
valuable, independent confirmation of my views, for he makes 
no reference to them. Even in 1889 Mr. Huggins held that 
" They [the nebula'] consist probably of gas at a high tempera- 
ture ; " but in the address of 1891, to which I have already Iiad 
occasion to refer, he gives this view up, and refers to " the much 
lower mean temperature of the gaseous mass which we should 
eggaed at so ewrly a stage of condeneatwiL" ' 



' " On account of the large ertent of the nebulm, a, compantivel; imall 
Dumber of lumiDoui molecules or ntonu nould probablj bo BufEcieot to make 
the nebula as bright as the; appear to us. On eueh an aesumption the average 
temperature mu; be low, but the individual purtiLlea, which by their encounters 
are luminoue, muat Iibto motions corresponding to a very high temperature, and 
in tbb Benie be extremely hot. 

" In such diffufB raasscB, from the great mean length of free path, the encoun- 
lere would be rare but corrcspondiagl; viulcnt, and tend to bring about Tibm- 
tions of comparatiret; ehort period, as appears to be the case if we may judge 
b; the great relatiio brightuesB of the more refrangible linea of the nebular 

" Such a viow may perhaps reconcile the high temperature which the nebular 
spectrum undoubtedly suggeeta with the much lower mean temperature of the 
gaseous mosB, which we should expect at so earlj a stage of condensation, unlets 
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I am also glad to say that Dr. Keeler is also perfectly pre- 
pared to accept the view I have been insisting on.^ So that, if 
the opinion of astronomers of repute is worth anything, we do 
seem to have arrived at very solid ground indeed on this point, 
so far as as a consensus of opinion can make any ground solid. 

It is, then, generally conceded that the first stage in the 
development of cosmical bodies is not a hot gas, but a swarm of 
cold meteorites. From the point of view of evolution, keeping 
well in touch with the laws of thermodynamics, the nebula* 
must begin cool if they are to develop into hot stars. 

To sum up, it may be said that the new work strengthens the 
hypothesis in showing that, whether the spectroscopic pheno- 
mena of the nebulie are produced by the collisions of cool 
meteorites or not, cool meteorites, under the conditions postu- 
lated, would certainly produce them. 



we MBume a Tery enormouB mass ; or that the matter coming together had pre- 
Tiously considerable motion, or considerable molecular agitation.*' — " 11 uggins 
Address/' CardifF, 1891, p. 21. 

» Pnb, Lick Observatortf, vol. iii, 1894, p. 225. 



120 



CHAPTER IX.— MANY SO-CALLED STAES ARE 

NEBULA.. 



The Bright-line Stars. 



We come now to the third new point of view. Many ap- 
parent stars, which have bright lines in their spectra, are really 
centres of nebulae, i.e., of meteoritic swarms. 

The association of the nebulae with the bright-line stars was, 
I tliink, first suggested by me in 1887.^ 

In the above very simple statement we have perhaps the 
very greatest and the most fundamental change which has Ijeen 
suggested by the new hypothesis. I am quite certain that all 
conversant with text-books of astronomy will be perfectly 
familiar with the statement that all stars are distant suns. I 
have written that myself several times, but I now know that it 
is not true. Some stars, instead of being distant suns like our 
sun, a condensed mass of gas with a crust gradually fonning on 
it and a thick atmosphere over it, are simply the brigliter 
central condensations of nebulae, whether they be like that of 
Andromeda, or planetary nebulae, or such a nebula as that of 
Orion. The idea is perfectly new and completely different 
from the old one, which taught that all stars were siuis. 

Associated with this view we have the statement that stars 
with briglit lines are closely associated wtth nebidae, as evi- 



^ Proc, Soy, Soc, Tol. xliii, p. 144. 



MANY SO-CALLED STARS ARE NEBUL.«. 121 

[ denced by their apectm, Tliore is one method which enaMea 
' us to coiupfire the bright liiiea iu stars like y Cassiojjeia* with 
the nebulie, as it gives us an opportunity of determining 
whether or not the bright lines seen in the so-called bright- 
line stars are or are not the same as the bright lines seen in 
nebulie. In my first inquiry' in this direction, which consisted 
of a statistical statement of the number of times certain lines 
were seen in the spectra both of nebiiht and of briglit-line stars, 
the ubser^'ations were so few at that time that only nine lines 
were found to be coincident. 

There were seven in the nebulic not in the stara, and six in 
. the stars not in the nebuht, only twenty -two lines in all to deal 
with ! 

The harvest of facts is much more abundant now. 
80 far as the planetary nebuhe are coucemeil, tliis grouping 
' has been abundantly confuTiied by Professor Pickering's work 
the bright-line eturs, and by the visual observations of 
Professor Keeler. 

Professor Pickering, who is one of our very highest author- 
ities in all these matters, tia^ing tabulated a nmch larger 
Dumber of lines, accepted at once the grouping together of 
stars having bright Unee in their spectra with the nebula'. 
He wrote in 1891':— 

" Owing to the similarity of the specttA of the plaoet&rf nebul« auJ 
tlie bright-line Bt&re, they may be conveniuntlr united iu a fifth type." 

It is clear then, that in this particular. Professor Pickerinj; 
I accepts my view, 

Mr. Keeler also conlinns tlje view. He writes*: — 

"Tke BpecCra of the iindoi of Uie |ilanet*ry nebnlw have a reiuarkuble 
O the Wolf-IUjet and other biight-line etan^ , . . Tlie 
• Afipean ia tlia oentral condensation of a nuniber of bright iiehuLp, 



' Prop. Soy. Sop., ia\. lUii 
'AH. yaek.,Wii. ISOl. 
» Pror. JM. Soc. PaeiJIf, v 
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and with sufficient light would probably be seen in many of them, and 
this line is also predominant in most of the bright-line stars." 

This coDfirmatory evidence, it will be seen, deals alone witli 
the planetary nebulae. It became necessary, in order to l>e 
able to apply further tests, to study the relationsliip with other 
nebulsd as well, and that is why while Pickering and Keeler 
were working in America on the planetary nebuhe, I de- 
termined to attack the nebula of Orion. 

I now proceed to show that the relationship indicated be- 
tween the planetary nebulae and bright-line stars also holds 
good for such a nebula as that of Orion. 

The bright lines seen in the visual spectra of the two classes 
of nebulae have long been known to be identical, and a com- 
parison of the Westgate photographs with the results obtained 
by Professor Pickering, and the more recent work of Gothard/ 
and of Professor Campbell, at the Lick Observatory, on the 
spectra of the planetary nebuhe,* has shown that the simi- 
larity also extends to the photographic region. 

The fact that some of the Orion nebula lines were ap- 
parently coincident with lines in the bright-line stars, was 
recognized at an early st-age in tlie reduction of the Westgate 
photographs, and in the preliminary note I ^vrote as follows : — 

" It is a very striking fact that some of the chief lines are apparently 
coincident, although the statement is made with reserve, with the chief 
bright lines in P Cygni, a magnificent photograph of which I owe to the 
kindness of Professor Pickering ; it is one of the Henry Draper Memorial 
photographs." 

The bright lines here referred to were those of hydrogen, 
and lines at 4025 and 4471. (Tliese lines we now know to 
be due to the clevei'te gases.) All these have since been 
photographed at Kensington, in the spectrum of P Cygni, and 
there is no longer any doubt as to their identity with bright 



* Ast. and Asi, Phys., 1893, p. 61. 
' Ibid., p. 276. 
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[ liuea in the nebula. Additional Lright lines in the Bpectnini 
I of i' Cygni, photographed at Keneington, are uIbo seen in tlie 
ixnbuls, aa shown in the following table: — 



Orion Ifebok. 


P Cjgni (KniMifWn). 


8068-7 


8968 -7 H. 




4015-7 


4026 -7 


4026-7 




4036-7 


4101 -8 


4101 -8 Ba 




4147-7 


4840-6 


4840-6 By 


4471-8 


4471-8 


4716-9 


471S-0 




4841-0 


4862-0 


4862 -OH* 


4928-9 





The following table shows in a complete form the detailB of 
^ the coincidences of the lines in the spectrum of the Westgale 
I -photograph of the Orion nebula with those of planetary nebuhe 
and bright-line etars, as given by Pickering and Cunipbell. 
Only those lines of the nebula which show coincidences are 
included in this table, but the spectra of the planetary 
nebulse and bright-line stars are tabulated in full.' 

It will be si.>en that all the lines of the planetary nebiiliB, 
photographed by Pickering, appear in the Orinn nebula, while of 
the twenty Uues photographed by Cumpbtll. twelve are present. 
Of fifteen lines in the apettra of the bright-line stars, eleven 
appear in the nebula. It niust, however, be stated that the 
<li8persiou of the Orion nebula photcgraph is too small to allow 
of very accurate measurement. 



' Profeuor Fiiikeriag hu been good eixitigh tofnmuh ma with ^»mtofitaot 
hi* beautiful photographs of the tpecti* of Mine of the brigfat-Iiti* lUrm. Tht 
pccitiuui of the Tsrioum linn wliich he gi'FS ue in the uikin oonBrmed b; the 
new nieofurei which hare be«n iu«l« at KeDMngton, 
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Orion nebula. 
(Bowlsnd's 


Planetary 
nebuhB. 


Planetary 


Bright-line 

stars. 

Type I. 

(Pickering.) 


Bright-line 

stars. 

Type II. 

(Pickering.) 


Bright-line 
stars, 


scale.) 
Intensity 
Max. — 6 


(Campbell.) 

(Bowland's 

scale.) 


nebuls. 
(Pickering.) 


Type ITT. 
(Picker. 

ing) 


3868*7(4) 


3867-3 










8887 -7 (4) 


3888 


388 


389 


389 




3d49 '7 (1) 


— . 


— 


895 


— . 


395 


3968-7(5) 


8969 


397 


398 


397 




4025 -7 (3) 


4026 


— 


4C2 


402 




4067 -7 (2) 


4067 


.-. 


4()6 


406 


407 


4101 *8 (6) 


4102 


410 


410 


410 




4120*8 (1) 


— 


— 




— . 


412 


4204*6 (1) 


..« 




420 


420 


421 


4840-6(6) 


4341 


434 


434 


434 


434 


— 


4363-4 










4889*7(2) 


4390 










4426*7(2) 


-. 


— . 


— 


— 


443 


4471 *8 (4) 


4472-3 


447 




447 




— 


— 


— 


— 


461 


451 


.— 


— 


m^ 


454 


455 


455 


.- 


4574 










— 


4595 










— i- 


4610 










— 


4631-40 


—— 


462 


464 


464 


— 


4663 










•— 


4686-8 




469 


469 




4716 -9 (2) 


4714r-6 


470 








— 


4743 










4862 -0 (6) 
4958 -0 (4) 


4862 


486 


486 


486 




4958 










6007 -3 (5) 


5007 


501 









But even more fortunate than this is the fact that Professor 
Campbell has more recently made a most important and 
laborious study of these stars at the Lick Observatory, and 
has observed all the lines in the spectra of a much greater 
nimiber of stars than was available when 1 began the inquiry ; 
his measurements are very much more accurate than any 
that were then at my disposal What happens when we come 
to deal with his results ? The thing is a thousand times more 
convincing than it ever was. When we take Campbell's list, 
we get very many more coincidences than we had when we 
dealt with Pickering's. So that, the further we go in this in- 
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quiry, the greater is the number of cuincidencca. In the fii-st 
inquiry there were nine coincidences oltservexl ; now we get 
nineteen coincidences out of thirty -three.' or twenty-two out 
of thirty-tliree if one includes the planetary nebulie, hence the 
number of coincidences is increased by seven. We are, there- 
fore, justified in saying that the more these phenomena are 
observed, the more closely aattociated are they seen to be. 

Such is the kind of evidence on which we have been com- 
pelled to rely to answer the queBtion : Is there any chemical 
relationship, and therefore physical relationship, between the 
bright-line stars and the nebula of Oiion ? It is obvious that 
the evidence is very strongly in favoiu- of an affirmative state- 
ment. 

The OiiiGiN OF the Spectkal Differences between Xebul-H 
AND Bright-Link Staes. 

There are some detailed points which are well worth con- 
sideration ; for although on the hypothesis tltat these stara are 
really condensing nebuhe, the lines seen in the spectra should, 
in the main, resemble those which appear in nebulie ; they will 
differ for two reasons: — 

(1 ) Owing to partial condensation of the swami the hydrogen 
area will be restricted, and the bright lines of hydrogen will 
lose their prominence ; the volome occupied by the carbon 
compounds will lie relatively increased, and the brightness of 
the carbon bands will be enhanced. 

(2) On account of the increased number of collisions more 
meteorites will be rendered incandescent, iind the continuous 
spectnmi will be brij^hler than in nebuhe. 

Now, what do we tiud ? 

(a) The hydrogen lines are decidedly less prominent in the 
bright line stars thiui in the nebulje. Indeed they were not 



> Atl. Mrf jUt. Pifi., June, 10H. 
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recorded at all in the ej'e obaervationB of 7 Argus, Ai-g,-Oeltz., 
17681, of Wolf and Eayet's second and third stars in C'ygnns,* 
but they are shown in Professor Pickering's photographs. 

(6) In my previous discussion of these bodies' I showed 
that there was evidence of a very considerable amount of 
carbon radiation in the visible region of the spectrum. Sub- 
seijuent work and an examination of Professor Pickering's photo- 
graphs have strengthened this view. 

(c) There can be no question aa to the continuous spectrum 
being brighter in bright-line stars than in nebula;. 

Another point of difference is that the chief nebidar line 
near \ 5007 is not seen in the spectrum of bright-line stars, and 
this no doubt is due to the relative absence of feeble collisions as 
condensation goes on. The relative brightening of this line in 
the spectra of Nova Cygni and Nova Auriga; (about which I shall 
write iu a subsequent chapter) as the stars faded away, is suffi- 
cient evidence that it is associated with low temperature, and 
hence it is not surprising to find that it is absent from the 
spectra of the bright-line stars, which on this hypotheais are 
hotter than the nebuke, since they are more condensed. 

In the bright-line stars so called we have on the hypothesis 
to deal with central condensations not perhaps very far advanced 
beyond the stage of the planetary nebulse themselves, and in 
tiiis way the almost identity in the speclra is readily explained ; 
but there are not wanting evidences in the heavens that in 
some cases the condensation has gone much further, in this case 
the bright line condition remaining, but it is no longer supreme. 
We have one case in the Pleiadea photographed by Dr. Roberts. 
The photograph indicates that they are not stars; they are 
nebula?. What we see in the case of each so-called " star " is 
obvious ; we see the centre of condensation, and more than that, 
it is not a simple condensation, but there are stream-lines going 
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all directiiiiis, and tlie maxiiuuiu himiiiosit}', where we loca 
le " star," U just at the pUce where, acconlui^ to this phot* 
rapb, the greatest niiniber of streams cut each other, an 
licre, therefore, wo shoiihl get the greatest i>os3iliIe number 
>llision3 per second of time, and therefore the highest temper) 
re. Tlic main [loint demonstrated by this pbotogniph, the 
that we are not dealing with stars Hnything like our sun ; v 
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are simply dealing with nebulous coiidensationa. The spectra of 
the brighter parts of these condensations resemble the spectra 
of ordinary stars. Broad dai'k lines of hydrogen are represented 
in every one; hence, although we are dealing not with a star 
like the sun, but a raeteoritic condensation — a place of intersec- 
tion of streams of nebulous matter — we get a spectrum sucli as 
is generally associated with the spectrum of a star, but the 
bright-line conditiou is retniaed, for bright lines have been seen 
supei'posed on tlie dark ones. 

Tub Evidence affordeu by the Spiral Nebul.«. 

I propose next to discuss the question whether the long- 
eicposure photographs of Dr. Eoberts and others justify or 
negative the view, founded upon a large mass of spectroscopic 
evidence, which I put forward in 1887, before any of them had 
been published. 

The view in question was thus stated : — * 

" The brighter lines in spiral nebuloe, und in thoBe in which a rotation 
ha« beun aet up, are iu till jirobability due to streams of meteoiit«s, with 
irregular motiona out gf the main streams in whiuh the collisions would 
be almost nU." 

I was careful to state that Professor G. Darwin, when dis- 
cussing the gsiseous hypothesis of Laplace, had already pointed 
out that 

"The great mass of the gas is non-luminous, the luminosity being mi 
evidence of condensation along lines of low velocity, according to a well- 
known hydrodynamical law. From this jioint of view the small nebiila 
may be regarded aa a luminous diagram of its own Btream- lines."' 

At the time I wrote, in 1887, the nebula in Andromeda was 
not considered to be a spiral nebula. The most striking repre- 
sentation of it was due to Bond, who drew special attention 
to two black streaks running nearly parallel to the longer 
diameter. 
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It may also be added tliat in 1887 we knew nothuig fcr 
certain about its spectrum. 

In 1888 Dr. Isaac Koberta published tiia most admirable long- 
exposure photographs, which at once established the spiral 
nature of the nebula ; and in the same year the complete dis- 
cussion of the spectroscopic observations made up to that 
time led me to predict that if the nebidce were carefully 
observed we should find in them, sooner or later, indications of 
the substance which makes the comet spectrum so very distinct 
and speciaL In 1839, that is in the next year, the spectrum of 
carbon was discovered by Mr. Fowler and Mr. Tnylor in the 
nebula of Andromeda, 

I will take the photogriiph first. The plane of movement in 
the spiral system is so situated that from our point of space 
we look at it obliquely ; hence the nebula appears elliptical. 
Still there is no difficulty in seeing that the variouH streams 
round the centre of condensation are all of them of a spiral 
form with certain condensations interspersed here and there 
along tbem. 

We have a condensation in the prolongation of one of the 
spirals, and there is considerable clustering of apparent stars 
along the stream lines. It is important to indicate that we 
have in these appearances not signs which tell us of the exist- 
ence of matter merely — s<i that when we have not the appear- 
ances we would be justified in supposing that there was no 
matter — but an indication of movenujii in matter, so that we 
may imagine that this nebida and others like it do probably 
consist of something extending enormously in spaeo l>eyond 
the indications which we see, for the reason that near the 
centre the movements are more violent than they are towards 
the outside. We are tliere face to face with the idea that we 
have to deal with orderly movements. If the moveuients are 
orderly, it means thnt the movements of the constitneut particles 
of the swarm, uU of them, or most of them, will be in the same 
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direction ; in that case we have the condition of minimum dis- 
turbance, and therefore the condition of minimum temperature. 
In short, not only have we regular spirals, but in addition to 
the spiral system there seems to he revealed irregular masses of 
nebula near both ends of the major axis. Where more than 
one stream seems to he (.'ontendin;^. the brilliancy is enhanced, 
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and much irregular Imninosity is apparent. On the other hand, 
in the part of the main nebula moat free from these irregu- 
larities Uie spirals are almost invisible. 
Next for the spectroscopic observations. 

The chief argument urged in favour of the gaseous nature of 
the nebulte now is the existeuce of hydrogen and hehum in the 
planetary nebulae aud in such a nebula as that of Orion ; the 
unknown form of nitrogen haa no longer any votaries. 

But if the spiral nebuloj be gaseous, why do they not give us 
the spectra of hydrogen and helium ? The spectrum of the 
nebula of Andromeda is practically the spectrum of a comet, 
and therefore we are justiiied in considering it as built up of 
cometary materials. Kow these, aa is generally conceded, are 
meteoritic in their natui'C, 

But this is not all the evidence bearing upon this question, 
even so far as reganls the nebula we are now discussing. Not 
many years ago a new star was observed in the nebula, and the 
difference between the spectra of the new star and of the nebula 
itself was merely the addition of the lines of hydrogen I On 
the meteoritichypotheeisthisis easily explained by an increased 
number of collisions lasting for a time : on the gaseous hypo- 
thesis an explanation is not so easy. 

If it be granted that we are really dealing with streams of 
meteorites, all the new phenomena revealed to us by Dr. 
Eoberts' photographs receive a simple and sufficient explana- 
tion, especially the apparent condensations here and there 
which are not condeuBations of matter necessarily, but loci of 
greater disturbances caused by crosaing streams. 

The next considerable revelation was obtained from the 
photograph taken in 1889, of tlie spiral nebula — long recog- 
nised aa such — in Canes Venatici, certainly one of the mnst 
wonderful spiral nebulse in the heavens. It is all the more 
striking because this is a nebula which we look down upon ; 
we see it in plan ; we are, so to spe^k, at the pole of the 
aretem, so that it is not foreshortened. 
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There is no question about iJie wonderful spirals being con- 
nected with the central condensation aiid stretching towards it 
I call attention to the points of condensation along one of the 
spiral branches, and where we get the possible intrusion of 
two spirals, one on the other, we sve ii confused mass of light. 




Now, if we imagine oiu^elves dealing there with a mass of 
pure gas, whether it is hydrogen or nitrogen or ammonia — that 
is, a combinatiou of both — or any other, il would be extremely 
difficult to see why there should be any t-hange of temperature 
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in ilifJerent parts of that mass ; but the moment we assume 
that we are dealing with cool materials — meteoritic dust — we 
see that such a picture as this i^ important, for the reason not 
that it shows us what is there, but because it showg us what 
ia going on there, as already pointed out in relation to tlie 
nebula of Andromeda, The bright spots do not represent the 
presence of matter merely, and tlie dark ones its absence ; but 
the brighter portions represent the intersection of stream lines 
where collision is possible — the intervals those regions where 
collisions ai-e less likely. "We can gather from the very con- 
figuration of this system that if all the dust, or meteorites, or 
conglomerations of particles, whatever they may be, are going 
the same way, there will be a condition in which we shall get a 
minimum of collisions and, therefore, a minimum of tempera- 
ture. If the movements are quite orderly and in the same 
direction, we must not expect to get any very great disturb- 
ance, and, therefore — if these disturbances produce high tem- 
peratures — we shall not expect to gee indications of any 
particularly high temperatures. 

The important point is that here we get apparent stars 
arranged along the spirals, and we are here in presence o£ a 
vera causa of the relation of nebulie to so-called " stars." 

Dr. Koberts writes as follows : — 

"The photograph ahowa Voth nuclei of the nebvla to be atellw, sur- 
rounded by dense nebulosity, and the convolutiuna of the spirals id this 
Bs in other spiral nebulie nre broken up into atar-like condensations with 
nebuloeity around thuni. Those stars which do not conform to the trends 
of the spirals, have nebulous trails attached to them."' 

Strikingly similar to the above is the photograph of M 74 
Piecium taken by Dr. Koberts in December, 1893; and here, 
again, it is also a question of apparent stars. 

" The photograph shows the nebula to be a very perfect spiral, with a 
central stellar nucleus and a 15 mag. star close to it on the south side. 



' Hnberte' pbotogniphi, p. S5. 
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The coDvoIntioiis of the spiral are studded with many sUirs aud star-like 
condeiiBatioOB, mid on the north preceding aide there ia a partial inver- 
Bioii of oae of the convolutions, which conveyH the idea of Botue irregnlar 
diaturbing canae having interfered with the reguhir formation of ti part 
of that convolution.''' 

lu Messier 101 Urate Majoris, which was photographed in 
Afay, 1892, we have another case in which the convolations are 
broken up into star-like condensations.* 

I wish to point out that from the centre of the condensation 
the luminosity gradually gets Ic^s and less, until at last we 
have no luminosity greater than that of the surrounding sky. 
In the nebula itself we find exquisite spirals, starting appa- 
rently from different points, and gradually coming towards the 
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centre, and if we look along these spiraJs we see that the star- 
like masses, which may not he stars, are in many cases located 
on the spirals, representing apparently minor condensations, 
each itself being probably brighter than the other parts because 
it is more disturbed. 

So much, then, for the autobiographical records we now 
possess of some of the most perfect spiral nebulie in the 
heavens. 

We see that they all resemble perfect eddies in appearance ; 
the question arises, are they perfect eddies in fact ? On the 
meteoritic hypothesis they may well be so, for if moving streams 
of meteorites encounter resistance to their motion due to dia- 
turhances by other masses, the sheets of meteorites are bound 
to behave Uke sheets of water; in any case, the onus probandi 
lies with those who hold the contrary view. But in these 
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celestial maJ^lstroniA there are bound to be smaller eddiee ; and, 
if Swift had had the opportunity of studying Dr. Roberts' 
photographa, a more grandiose image might Lavu replaced that 
in his well known lines — 

"So imtiiralUU obe«rve, h flea 
Has Buinller fleaa that on him prej, 
And tlieae have aninller still to bite 'em, 
And so proceed ad tn/inilmii." 

The question is well worth asking, not only to enable us to 
explain the photographic and spectroscopic phenomena, bnt also 
Ijecause we seem to be in presence of forces which must ulli- 
mately result in a true star with rotation, a concomitant of star 
life which is not easy to ejtplain, and which Lord Kelvin has 
shown would certainly not be produced by collisions of two 
finished cosmical bodies.' 

There is another spiral nebula, however, which may carry us 
a little further along the same line. 

In M 33 Trianguli we have something apparently different 
from those that have preceded ; so much so, Uiat Dr. Boberts, 
who till quite recently has remained sileut with regard to the 
physical origin of the more regular spirals, has suggested that 
we may here be in presence of meteoritic collisions.* He 
writea: — 

" It will be obeerred that there are two large, very proiniDeut spinl 
anua, with their respective eitenial curratures facing north and south, 
and that tUe curves are ajiproximately sj-mmetrical from their eitremities 
to tlieir point of juDctJuu at the centre of revolution, where there is a 
nebulous itar of about trnth magnitude with dense nebuloaity siuTound- 
ing it, and elongated in nortk and toutJt directions. Involved in this 
uebuloeitj' are three bright stani and several faiot nebnlous stars ; the 
two arms (U«o ore crowded with well-defined stars and faint Dobulone 
stata with Ucbuloatty between them ; and it is to the combined effect of 
these that the defined fomis of the arraa itre due. Besides these two 
arms there are subsidiary arms, less well defiue<i, and likewise trending 
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towardfl the centre of revolution, and are constituted of interrupted 
streama of faint stars and nebulosity intermingled togetlier ; many of tlie 
stars are nebulous, and maiiy are well defined but sniall. The inter^p&ces 
between the convolutiona sje more or less filled with faint nebulosity, 
having curves, rifts, fields, and lanes, witliont apparent nebulosity in 
them. They are like the interspaces in clouds of amoke, and cannot be 
classified. 

" There are outliers of nebulosity with many aniatl well-defined and 
nebulous stara involved in them, and there are alao isolated nebulous 
itars on the extreme boundariea of the nebula ; but the evidence is 
strong tliat they are all related to the nebula. 

" It is by the study of the photographs, and not by descriptive matter, 
that we can form a true conceptiou of the character of this nebula ; from 
which we shall be justified, even now, in drawing some inferences as to 
ite formation and further developments. To this end I may be permitted 
to suggest the following. 

" We know, with a reasonable amount of certainty, that both nebulous 
and meteoric matters exist in space ; and we also have some evidence 
that bodies in apace have come into collision. 

" From these premises we may infer that this nebula ia the result of a 
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limon of Home kind ; aiiil ve csn itnngine colliHioiiH of nt U'.ixt Ihree 
kinds possible, Dauely, (1) between two 8tar«, (S) between two nebula;, 
(3) between two swarms of meteorites. 

"In tlio c«»c of this nebula, which (if «ny} of the three poasibilitiu 
mentioned see ms to u» the one most proboble to have happened } Much 
might be said in favour of each of these suggestions, but 1 shall not at 
present enter into details, though I think we i-ould readilj imagine that 
the collision of two svarms of meteoriteo, moving in opposite directions 
one from the *oulh fiAlovnng and the other from the north prtotdtng, 
would account for the sptraJ appearance, the rotatorv motion, and the 
smashed and scattered state in which the nebula is shown to us upon the 
photographs." ■ 

It ia worth while to point out, in connection witli the aigu- 
ment in favour of the meteoritic nature of spiral nebulae, that 
there are other nebulas representing streams in apace, to which 
it seems almost impossible to attribute a purely gaseous origin. 
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Tliis branch of work ia so young, that there ha^ not yet been 
time to bring a crucial teat to bear on these " stellar condensa- 
tions" to which reference has been made. If they could be 
shown to be short-period variailea, thr-n tluir true stellar luUure 
loould he at ojice negatived. In fact where epectnim analysis is 
impossible of application in consequence of the faintness of 
the stars, variability may help us to point to which bodies the 
faint stars are most akin. 

We have already in two instances obtained important evi- 
dence on this point. In 1889, Dr. Roberts was good enough 




Fia. 46.— Nebula near 52 (t) Cygni. 

to allow me to enlarge a photograph of the nebula of Orion, on 
which there had been a double exposura I pointed out to 
Dr. Roberts that variability in some of tlie stars was sug- 
gested ; although the exposure was a double one, some of the 
images were single, and there were inversiona in the intensities 
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of the double imagcB. Dr. Roberts made a minute examination, 
with the following reeulta : — * 

" Cm exiiniinittion of the dual BteUar inmges on the photo^aph the 
eje immeiliately det«ctB that ten of then have undergone consiilerable 
I'hHiige ifi brightnew or magnitude during the interval of five dayit which 
elapaml between the two expotureB. In three of the ten Htars, the bright- 
nenH ha£ incresBed to the extent of from one-fourth to one-third the 
measured diameter of the stellar photo- imEige, and one star appearn on the 
aeond eipoMure where none ia ahown ou the first eiposDre. Six of the 
ten stare have diminiahed in brightness during the interval to the extent 
of from one-fourth to four-tentha, the measured diameter of the pboto- 
image." .... 

" I have with due care examined the film of the negative under the 
microscope in order to aee if any defect or evidence of defective ttensi- 
hility on parta of the film could be truced so as to account for the 
variability in the brightness of the st«llar images, but I could not find 
nuj- HUch evidence, and I would of courae have repeated tie photographic 
experiment if the state of the sky at any time during the past twelve 
mouths had permitted. Those who poaaees the necessary teleacopic power 
may study by eye olieervations the variability in these stars, and it is one 
uf the funcUoiiH of the photographic method to point out where eye ob- 
nervations can with advantage be applie<l in search for special knowledge, 
and these ten stars are now indicated for that ptiqywc." 

The next cases are those atTorded by the variability of stars 
in same globiilai star-clusters recently photographed at Arequipa 
with the IS-inch Boyden telescope. An extraordinary number 
of variable stars was discovered. The Harvard Circular, No. 2,' 



"At least eighty-seven of the stara in the clnal«r M 3 (N.O.C. S37S), in 
■ 'iOHI* Venatici, have been found to be variable, and in fume oaea the 
- diHlge of light amounts to two magnitudes or mor«. In the duster H 5 
(N.G.C. 5904), forty -six variables were found, out of 750 stars examined, 
so that tbey form about 6 per cent, of the whole ; of the 16 stars, con- 
tained in a circle 110" in diameter, six are variable. Smaller numben 
uf variables have been found in other clusters, but in other caaes not a 
single variable has been detected out of the hundrals of stars which have 
be«Ii photographed ; the conditions of tlie search, however, not taking 
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account of long period changea. In general, no variables bave been found 
within about one minute from tbe centres of the cluat«r3, on account of 
the cloBeaesa of the atara, and none aro more than ten minutes distant 
from the centrea. Some of the iiewlj discovered variables have short 
perioda, in some cases of only a. few hours. Thus, five photographs of 
N.G.C. 6904, taken at intervals of an hoar on July 1, 1895, give tor the 
magnitude of a star about three minutes of arc preceding the centre nC 
the cluster, 143, 13-S, 13'8, 13-9, and 14-3 ; four plates, taken at similar 
intervals on August 9, gave the magnitudes 14'2, 14'6, 14'8, and 15'0." 

A special inveatigation has since been made of the variables 
forming part of the cluster M 5 Serpentis, N.Q.C. 5904 {A*l. 
Ndch., 3354), Forty-five photographs of this cluster have been 
measured by Miss Lelaiid, and the measures include the gi-eater 
portion of the forty-six variables previously discovered. Tlie 
periods of these variables are in general very short, not exceed- 
ing a few hours. One of these, designated No. 18, which 
follows the centre of the cluster about 6', and is south 5', has a 
probable period of 11 hours 7 minutes 52 seconds, or 0-463y 
days. The co-ordinates of the light curve of this variable are 
as follows : — 



Daj«. 


Mag. 


Days. 


Msg. 


0-00 


13-50 


0-25 


14-73 


0'05 


13-87 


0-30 


13-73 


O'lO 


14-35 


0-35 


1472 


0-15 


1470 


0-40 


14-e5 


0-20 


14-72 


0-45 


13-56 



It thus appears that the star remains about minimum biight- 
ness during half the period, while the maximum luminosity is 
of relatively short duration ; the decrease in light is rapid, but 
the rate of increase is still more rapid, as it should be. The 
succession of clianges does not seem to correspond with those 
of any previously known class of variable stars.' 

Now, since the presence of real nebulous material in some 
star clusters is accepted hy many authorities, there seems ground 
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for ascribing the phenomena in the nebula of Orion, and in the 
star chistera, to the same cause, and in attributing tliera to mere 
8tar-like appearances due to collisions. A variability of the 
kind described, extending over a few lioura or a few days, is to 
me unthinkable in a "star," properly so-called, that is, a body 
like our sun, and I have no hesitation in expressing my firm 
conviction that such variability can only be simply and sutE- 
ciently explained by the cause assigned for it by the meteoritic 
hypothesis — a clashing together of streams of meteorites. 

If the evidence that the apparent stara are really denser and 
more disturbed meteoritic swarms is accepted, the view thiit the 
nebulie are gaseous must fall to the ground, because the denser 
material of the " stars " must be the same as that which was 
least dense, that is, sparse in the lirst instance. 

I am glad, finally, to lie able to state that Dr. Roberts, to 
whose continuous activity and marvellous skill the world of 
science is so much indebted, in a paper read at the meeting of 
the British Association at Liverpool last year, stated his opinion 
tliat the origin of the various star-like condensations in the 
spiral nebulie is " more pmbably " meteoritic than gaseous in its 
origiu. The line of argument which has led him to tijis con- 
clusion will be gathered from the following brief analysis of bia 
communication : — 

He draws attention to the remarkable gronps, curves, and 
lines of stain that are clearly shown upon a pliotograph of the 
sky in the constellation Auriga, whicli was taken with an expo- 
sure of the plate during ninety minutes. Some of tliem are 
constituted of bright stars of nearly equal magnitude ; some 
are of taint stars, also of nearly etjual magnitude ; some are of 
botb bright and faint stars, and tliere is much regularity in tlte 
spacing distance between the stars in the several groups. These 
appcArances are persistently found upon all photographs taken 
with long exposures of the plates in any part of the sky where 
the stars are numerous, such as Cassiopeia and Argo. 
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" What explanation," he asks, " can be offered to account for 
the grouping of the stars other than the assertion that they 
were from the beginning so placed ? " He then brings forward 
the evidence furnished by the spiral nebulie similar to that I 
have given ahove, and which I brought together more than 
two ytars ago. 

He then goes on : — 

" I would aiibrait that the evidence, part of which lias now been laid 
before ua, ia reasonably conclusive that some, if not many, of the Btare 
which we see in curves and in groups strewn over the sky have been 
formed in the manner which I have pointed ouL There are, besides this, 
other methods of stellar evolution pointed out on other photographs, such 
aa condensations int« atara of nebulce which have not, at present, synime- 
trieal structures and of globular and aimiilar nchulm. . . . 

"The question will uaturally present itself to us : " It it be true that 
stars are evolved from spiral and other forms of nebulosity, whence came 
the nebulous matter 1 We can answer with conlidence that it exists very 
largely and over extensive areas in many parts of the sky ; and that it 
mists there in the form of gas, or, more probably, an Frofesaoi Norman 
Lockyer urges in has Meteoritic I/i/polfinit, at metec-rs or meteoritic dust." 

Dr. Roberts' reference to my work is very encouraging, since 
there are few workers in science whose researches have so close 
u bearing on the views I have put forward. For my own part I 
leel tliat the totality of the observations above recorded ia nil 
highly suggestive of meteoritic action, and, moreover, explains 
the close relation of " atara " and nebulie by showing that the 
former are not formed bodies like our sun ; and I can only, 
in conclusion, express my belief that, before very long, as 
striking evidence of variability will be found among the stars 
in the spiral nebulie as the Harvard observers have obtained 
from the globular star clusters. 



IlEPLiEs TO Objections. 

I next turn to some objections which have been raised by 
Dr. Huggins, who apparently does not accept the view now 
completely established by Pickering, Keeler, and Campbell, 
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though I confess it pftsses my comprehension how he can fail 
to accept it when he has already accepted the major premise of 
" early evolutionary forms." 

The objections Imve been twofold. First he denied the 
existence of nebulii in connection with some of the " stars " in 
i^nestiou, and next he denied the validity of the evidence 
suggesting the presence of carbon bands in their spectra. 

I take the firat objection first. 

Since I hold these " stars " to be merely the condensing 
centres of nebulie, it early occurred to me that possibly by those 
new methods of inquiry to which I have already referred we 
might be enabled to demonstmte the existence of the nebulie, 
although we can ntver hope to see them by the unaided human 
eye. The idea was suggestetl tliat long exposed photographs 
might give ua stare surrounded by nebuhi.'. So I wrote to 
Di. itoberts, who always kindly places liimself at the disposal 
of any student, and asked him if he would be so good as to 
photograph that region of the heavens in which most of the 
bright-line stars have been observed. He at once acceded to 
my request, and took photographs, as desired, with his instru- 
ment, giving an e.xposure of three and a quarter hours. The 
result a little disappointed me, because he reported that there 
was no indication whatever of any nebulosity surrounding these 



I was content to wait for " more light," but Dr. Hu^ins, who 
mode a similar appeal to Dr. Roberts, with the same result, felt 
himself justitied in objecting to the view which associated those 
stars with nebulous surroundings. But that is not the whole 
stoiy. Some time afterwards, at the request of Mr. Espin, 
Dr. Max Wolf, who has an instrument which is even more 
competent to pick up faint nebuLi' than the wonderful telescope 
employed by Dr. Eoberts, also took photographs uf this same 
region ; and I need not say that, being anxious to carry the 
inquiry as far as he could, he mode the exposure what we 
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should consider almost impossibly long — so long, in fact, that 
one whole night was not sufficient. His first photogmph of 
this region was exposed for thirteen hours on three nights ; the 
next one was exposed for eleven hours. 

The results of Max AVolfs iaquiries indicated that Dr. 
Roberts' negative conclusion was probably due to the too great 
focal length of the telescope employed. I give Max WolFs 
results from an American journal.' 

" Dr. Wolf li.Ts photograpbed the same region with hi:i short focus 
portrait leiia, and although the expoaura waa too short to brUif; out any 
definite foi-ni, there seems to be no doubt that the Wolf-Bayet atarn, and 
alao the brightljne Mtar F Cygni, arc directly counected with nebulous 
matter. Coiiaideriiig the peculiar type of spectrum which these atara 
patacss, Olid the fact that they tend to group themaelveti in the plane of 
the Milky Way, thia diacoverj- of nebulous appendages must be reganled 
as of considerable iuiixnOance." 

Here, then, we have a perfectly independent line of research 
indicating that the objection of Dr. Huggins is not valid, and 
that I was perfectly justified in stating that these bright-line 
stars were associated with nebulffi. The statement first made 
on theoretical groiuids is now backed up by exquisite photo- 
graphs, which indicate that most certainly there is a complete 
association of nebulous matter with these stars. 

I must here point out the enormous advantage students of 
science now have in possessing such magnificent photogmplw aa 
these. Not only is the wealth of science rendered obvious, but 
t)ie wealth of nature ; in them we have what modern science 
makes of a little patch of the sky on which the naked eye sees 
notliing at all. 

In a pbot(^aph of the region surrounding the brightest star 
in the constellation Cygnus, we have here and there indications 
of nebulous matter as well as of stars. That is rendered evi- 
dent by the fact that in certain other regions we get a perfectly 



' All. and Ait. Phst., March, 1892, p. 23S. 
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ilark back-ground, whilst in others llie back-giounJ itself is 
luitiinouB. In the region in which these Ijrij»ht-lijie statB have 
been recorded for several years it is almost iuipossiblo to point 
out a large area in which there is not a most obvious indication 
of luminous nebulosity. Patches here and there seem to indi- 
cate that the great diflerentiation between this part of tlie aky 
and others, lies not in the wealth of stars, but in the wealth of 
the luminosity in which the]' are situated. 

I next take the question of carbon. The spectnnn of carbon 
is one which is subject to very j^at changes when examined 
under different experimental conditions, and on accjuainlance 
with tliese variations is essential to au adequate discussion of 
the spectra of the lioavenly bodies. 

Everyone knows the considerable development of the spec- 
trum of carbon in most cometary phenomena ; and there is a 
band which Dr. Vogel some years ago attiibuted to carbon, 
although it does not coincide witli the most familiar carbon 
apectram, that of the Bunsen burner. Dr. Vogel gave bia 
reasons for this allocation, and illustrated them by a diagram' 




FlO. 47. — (I) Spectram of miiture of hjdnicmrboai and uij-carboa obtmined 
from met«orit«», with tni^l roll and jkr. (2) Spectrum of Comet III.ISSl. 
(8) Spectrum of gu« from meteorite*, iriUi Urge coil and jtr (Yogel). 

in which it is showu that in the spectrum of the comet, the 
blae baud has its maximum about 470, aiid fades away nearly 
equally in both directions. If one's knowledge of the carbon 



■ Pattiam Obtmations, 1881, tiL u, p. 173. 
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upeetnim were limited to that of the Buiisen burner, indicated 
at the bottom of the diagram, the comet band could not be 
ascribed to carbon. 

But another spectrum of carbon, obtained by Dr. Vogel 
(given at the top of the diagram), shows the blue band of 
exactly the same form, and in the same position as that in the 
comet. Hence, Dr. Vogel ai-gued that the blue band in the 
comets, though not coinciding with the carbon group at wave- 
length 4737, seen in a Bunaen flame, was still due to carbon. 

When I was discussing the spectrum of the bright-line stars 
in my general survey, a band in very nearly, if not absolutely 
the position of the cometary band, was found recorded. Most 
unfortunately I had completely forgotten Dr. Vogel's paper of 
1881, and I set to work to study its origin for myself. 

In the course of the previous thirteen years I had taken 
some hundreds of photographs of the spectrum of carbon com- 
pounds under a great variety of conditions ; and I was driven 
to carbon Wcause one of the moat conspicuous features of the 
spectnim of many of the bright-line stars is a broad blue band, 
a part of which falls within the limits of the group of carbon 
flutings at 4737, wliich is seen in the Eunsen, although its 
brightest part in the stellar spectra is about wave-length 468 ; 
that is, some distance further towards the blue tlian the 
brightest part of the Bunsen group. Forgetting Vogel's prior 
labours, I looked through my photographs, and found what he 
had found, that, under certain conditions, the maximum of tlie 
band is shifted, under some conditions of pressure and tem- 
perature, from 4737 to about 4685, One of my photographs, 
taken in December, 1836, is reproduced in Fig. 48. 

The spectrum at the top of Fig. 48 is the spectrum of alcohol 
vapour at a relatively high pressure ; and among the most 
notable differences from the lower pressure spectrum at the 
bottom of the dii^ram, is the enhancement of the more refran- 
gible part of the group of flutings commencing at 4737. This 
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is Still more marked in the spectrum at intermediate pressures, 
as shown in the middle spectrum in Fig. 48. lu short, the 
brightest part of this group now agrees, very nearly, with the 
blue band of some of the bright-line stars. It is very difficult 
to estimate the middle of such « broad, diffuse band as that in 
question ; but the wave-length of the brightest part is approxi- 
mately 4685. 

As Dr. Vogel had previously done for comets, I wa3 particu- 
larly careful to point out that the carbon band in tiie bright- 
Hue stara was not seen under the same conditions as that in the 
Bunsen flame.' 




1 


'Id 1S8S I wnta: " Thia b*nd u e.identlj tha bright Wod of orbon. 
M Koiuingtoti" {Pree. Soif. Soc. vol. iljr, p. 3S). Lator in the Mtni- jmt I 

of nuiimuiu oonductJTitj " (Proe. Sag. Soc, toI. i1». p. 187). 
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I next append some obser\-atio!i3 of the band in both comets 
and bright-line stars : — 



-__-, Uazimuib 


Ol^rrer. S.^. ^"j^"' 


Obeerref. 


Comet IV. 1873, 469 Vogel P"- 3831 460 
Comet III. 1881 1 4>i8-5 , Vo([cl !„ _,-., _,™ 
Comet m. 1881 ' 463 1 Coj«J«nd |- "»-*»» ■*68 
Comet ir. 1681 1 470 | CupcUnd 


Huegiu. 



Notvnthstauding the difficulty of determining very exactly 
the brightest part of a diffuse band, it will be seen that the 
bands in two of the stars are exactly coincident with bands 
which liave been measured by trustworthy observers in three 
comet's. In the fifth comet, named above, the variation in the 
wave-length of the band is not greater tlian that between two 
individual measures in stars. 

The fact that, so far as I know, this explanation, the whole 
credit of which is due to Dr. Vt^el, has never been called in 
question in relation to comets, would indicate that it may be 
equally unobjectionable in the case of the bright-line stars. 

But there was more evidence beliind with regard to the other 
carbon flutiugs. 

The spectnun of earl)oii does not consist of the blue band 
alone, so that siime account must be rendered of the other parts 
of the carbon spectrum, more especially of two groups of flutings 
in the green. We should not expect the green flutings to be so 
easily visible as the blue in stars, for the reason that they fall 
in the brightest part of the continuous spectrum; while in 
comets where there is little continuous spectrum, they are the 
most conspicuous bands. 

In the star BD + 36° 3956, for example, Vogel's observa- 
tions gave indications of the two green bands which are seen in 
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the spectra of carbon compounds, and are tlie chief charac- 
teristics of the spectra of comets at mean distances fi-om the 
sun. 

It was in 1890 that Dr. and Mrs. Huggins formulated objec- 
tions, based on some new measures, to my view as to the 
probable carbon origin of the blue baud iu the bright-Hue stars. 

Thus, in two cases they found, as Vogel liad found before 
them, that the brightest Ixiiid vras still more refrangible than 
the brightest part of the modified carbon band ; but in each of 
these cases they found, also, a band about the position of 4685 

As a result of their work, tliey made the following state- 
ment : — ' 

"Oor obaervBtJona apprar to m, however, to b« eoncliuuTe on th« nuun 
object of our inquiry, namely, that the bright blue baud iu the ihrM 
Wolf-Rayet •tare iu Cygnua, and iu DM + 3T 3821, is not coincident 
with TRB ULUK BAND Of THE BuKeKit Flaub." plie cMpilaU nr« niiue.] 

It will have been seen how carefully Vogel and myself had 
pointed out that it was not a question of the Bunsen Hame ! 

l)r. and Mrs. Huggius do not admit that tlie observed varia- 
tions of the band in the t-arbon spectrum are sufficient to 
explain the position and appearance of the band at 4685 in the 
stars, basing their objections on experimental evidence afforded 
by Hasselberg. 

Vogel's researches, as well aa my own, on the carbon spec- 
trum, however, indicate a much greater concentration of lumin- 
osity of the band, about 4685, than appears to have been observed 
by Hasselberg. But this is not to be wondered at, since every 
change in the experimental couditiona may have an effect on 
*the spectrum. 

I am not aware of any other objection to my view than the 
above, and it will be remarked that Dr. Huggius is silent alto- 
gether in rtgard to the existence of the band in comets. 

Very fortunately foi science, a great mass of new work on 

■ Protf. Soy. Soe., toL iUs, p. 40. 
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tliia part of the subject has been brought together since T/i^. 
Mdeoritic Hypotliesia waa published, chief among the workers 
belDg Professor Campbell. 

Let us turn to this new work, therefore, and see in what 
direction it tends. 

We may take the case of one of the brightest stars of this 
class in Argo, the spectrum of a star whicfi my friend Ileeijighi 
and myself were the first to see on a very hot night in Madras 
in 1871, a beautiful spectrum with many bright lines. Profeasfor 
Campbell in 1893 included the study of this bright line star in 
hia work at the Lick Obsei-vatory. What is his result with 
regaid to the band at 4685 1 He finds a band at 4688.' In my 
first discussion I took tlie position of the brightest bund as 
4682, depending upon meaaureuients made by Ellery at Mel- 
bourne in 1879. Ill a more general examination of all the 
Wolf-Kayet stars in 1894,* he finds a band at 4688 to be the 
most constant feature, and in some stars it appears almost alone ! 
This in itself would be almost sufficient to prove carbon. 

Professor Campbell does not discuss the origins of the lines 
and bands which he has measured, but it will be seen that for such 
a diffuse band as that in question his wave-length 4688 does 
not differ materially from that already given for the modified 
carbon band. 

There is now, therefore, in the light of the newest and beat 
work, no question about the fact that in the bright line stars 
there is a band at 468, the wave-length of the modified carbon 
band ; and this was ray original contention. 

The new measures obtained by Dr. and Mrs, Huggins, 
therefore, do not affect my views as to the origin of the blue 
band of the bright line stars recorded at places varying between 
\ 468 and \ 469. 

Witli regard to this band, then, the first conclusion is now 



' AttronoiHi/ and Atlri^kgtiet, 1B93, p. 555, 
= Ibid., 1894, ji. 448. 
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firmer tbau ever, etrengtheued as it is by Campbell's new 
work. 

Dr. and Mrs. Huggins object to anotlier point. 
It hns already beeu remarked that Vogel's observations sug- 
gested the presence of the green flutiugs in one of the stars. 

On this point Dr. and Mrs. Hiiggins remark that, when 
observing the bright line stars with small dispersion, " it might 

. easily be supposed that the spectnim is brighter at the position 
of the green carbon band." With high dispersion, however, they 
can see " no sensible brightening " in that part of the spectnim. 
In the case of another line distinctly seen with small disiiersion, 
they remark that with high dispersion it was so indistinct thnt 
they could not determine whether it was D or D' ;' so that tlieiv 
observations do not demonstrate the absence of the green flutiiij; 
of cjirbon. 

Observations mode at Kensington strengthen the idea that 
the gi-een tlutings are present in the spectra of bright line stars. 
When high dispersion is employed, (lutings are weakened in 
much greater propoition than lines ; so that comparatively 

1 small dispersion must alone be employed in observations ol 

I this kind. 

Campbell shows that, while the average position of the 
brightest blue band in one group of stars is 46S8, in another 
group it is 4652. Tliese two bands are frequently associated in 

, tlie same spectnun, but occasionally each occurs by itself. 

As to those stars in which a Imnd appears about X 465, it i.s 

1 quite possible that we may still liave to deal with carbon. At 
present I am not an-are of any experimental evidence ; but the 
possibility of a band at this wave-length under a certain still 
untried condition Is suggested by the fact that a b&iid about 
this position was observed in Urorsen's comet in 1368 and 



' Pnr. ffcgt. Sor, toL xlix, p. 44. 
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But the existence of a band at 465 surely does not negative 
the existence of a band at 4685 ! 

The present position of the question of carbon, then, is this. 
The new work of Campbell justifies us in associating, not only 
in comets, as first suggested by Vogel, but in bright line stars, 
as suggested by myself, the blue bands at 468 with carbon ; and 
a study of the spectra of comets suggests, but does not demon- 
strate, that the other band at 465 has the same origin. The 
feeble appearance of the green bands is no doubt due to their 
superposition upon the brightest part of the continuous 
spectrum. 

Hence the idea of the cliemical and physical kinship of 
comets, nebulas, and bright line stars is strengthened. 

Conclusion. 

Finally then 1 would submit, in bringing this part of the 
inquiry to a conclusion, that all the new observations have 
strengUiened the views to wliich I was led by a study of the 
old ones ; while, on the other hand, the only objections I am 
aware of brought against these views have been rendered 
invalid by the progress of the inquiry made by other workers. 

Max Wolf has shown, beyond lUl question, that some of the 
bright line sUirs are associated witli nebul;v; Campbell has 
shown that many bright line stars have a band in their spectra 
agreeing in wave-length with a band obser\-ed in cometan* 
s|KH?tra ; while, fimUIy, Kith Vogel and myself have found thai 
this Ivuul is in all prol^bility due to carbon. 
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The New \iew op Vaiuablks. 

The next part of the mquiiy lands us among phenomena 
which so far have been considered to be exceptional. I refer to 
the so-called variable stars. 

If there be any truth in the view we are considering, it will 
be abundantly clear to every one that tlie light of stars as they 
pass from the nebulous to tlie more luminous stage must change 
during the progress of that evolution. But that chan;^ will 
not be visible to one generation of men, probably not to a 
thousand generations of men. It is a ctiango which will require 
millions, and possibly billions, of years for its accomplishment ; 
and, therefore, we must not associate the word " variable " with 
any change which depends wholly upon the evolution of these 
^-ariou9 stellar conditions. But, in addition to that, we can see 
almost in hours, certainly in days, frettuentJy in months, some- 
times in years, changes m the light of certain stars ; and it is 
these short period changes which mark out and define for us 
the phenomena of variable stars. 

I am not without hope that in future years the explanation 
afforded by the meteoritic hypothesis of the light changes thus 
observed will be acknowledged to be one of the most important 
parts of it. So long as all stars were considei-ed to be bodies like 
the sun, the various kinds of variability observed were hard to 
explain. The grotesqueness of some of the explanations may 
be gathered from the statement I liave formerly given. But 
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the idea that all stars are not like the suu, but, on the contrary, 
may exist in different degrees of condensation of inQteoritic 
swarms, at once opened the door to previously undreamt-of 
possibilitiea in the causes of light change. 

I wrote in 1881':— 

"A possible expiiinfltiini of most of the new and variable atara ia to be 
found in the meteorite theory ; the innumerable comjionentB of one groiLp 
of meteorites colliding with tlioee of another group would be competent 
to give out light sufficient to make the whole ap)>ear aa a. star. £ac1i 
meteorite gives only a little liglit, but th« total must be very con- 
aid erable." 

Limiting myself here to regular variability, T may, as a 
reminder, state how it wag treated in the meteoritic liypothesie. 
The general statement made was as follows* : — 

" Regidar Variability. 
ir variability iii the light of cosmical bodi 
or body round another (or th 



i caused by tlii' 
common centre 



"All regular 
revolution of o 
of gravity). 

" In the cRse of the revolution of one awarm rimnd another, an elliptic 
orbit is assumed, and the iucreajc of the light at tmLximum ie produced 
by coUiuions among the meteorites at jieiiastron, 

" lu the case of the revolution of a swarm round a condensed body, the 
increase of the light at maximum is produc»l by the tidal action set up 
lu the aecoodary ewarm. 

" In the case of one condensed body revolving round anotlier, the re- 
duction of the light at minimum, in caused by au eclipse of one boily by 
the othei', Thia can only happen when the plane of revolution of the 
aecoudary body jjasaes very nearly througli the earth.'" 

The gi-eat dift'ereuces in the phenomena to be expected, then, 
on tlie hypothesis must depend upon the degree of condensation 
of two bodies ; and there mvst always be at least two bodica. No 
short period variability can, I hold, take place in one body alone. 
Take a star like the sun. It is pretty obvious that any change 
ui the aun, such as we see it now, would require a very con- 

' Eaeyclopadia Brilamiica, vol. xiii, p. 051. 

' Meteoritic Hypolhttii, p. 476. 

'Ibid, 
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sitlerable time fur its accoiiiplisliment, so as to be obvioualy 
visible to us all ; but, if we consider two boiliea like the sun, 
we can imagine a condition of tilings in which one body would 
come exactly in the line between the earth and the otlier body, 
and would so eclipse the further one. There we have at once 
the possibility of an eclipse due to the passage of one con- 
densed body in front of another, and, therefore, of a variability 
which depends upon eclipses. So much for two bodies like 
the sun ; but we know that in various parts of celestial space 
some of the stars have mn through their life of liyht, and exist 
as dark bodies. Obviously we should get tlie same eclipse 
phenomena when dealiug with one star like the sun and another 
dark, condensed body, provided always that the dark body came 
and eclipsed the light one. That is a very well known and 
accepted cause of variability, and one of the most obvious cases of 
this kind we have in the star Algol. There we have two bodies 
a bright and a dark one. When we come to examine the light 
curve of a body like this we fiud that the luminosity of the star 
I'emains constant for some considerable time in relation to the 
period of variability, and then it suddenly decreases. It almost 
at once — in an hour or two — goes up again, continues then for 
another period, and suddenly diminishes again. 

Spectroscopically we can inquire into the question as to 
whether tliere is or is not any physical change connecteil with 
this. Obvioualy, if it is merely an eclipse, there should be no 
physical change, and, therefore, no change in the spectrum. 

This has been done by Professor Pickering, who has obtained 
photographs of the spectrum of this star when it was moBt 
InniinouR and when it was least lumiuous, and the spectra of 
these two conditions are quite similar. The broad line^ are 
alike; in other dark lines also there is no cliange. Therefore 
spectroscopically we are justified in saying that the theory that 
variability is caused in condensed bodies like Algol by eclipses 
is perfectly justified. 
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But suppose we consider, not two bodies like the sun or even 
one sun and another botiy more condensed and colder than the 
8un, hut two not completely condensed meteoritic swarms, 
varioiis prohahilities never before considered lie open to our 
inquiiy. 

We may suppose that round a denser and larger one a smaller 
one is moving in the orbit represented in Fig. 50, We see 
that for a considerable part of the orbit the smaller swarm 
can perform its movement along the orbit without any chance 
of nmuing up against any of the constituents of the greater 
Bwami ; but when the smaller swarm passes through what is 
called the periastrou point— i.e., the region nearest the centre of 
jjravity — which is occupied by the densest portion of the primary 
flwarm, it is impossible that it can get tlirough without a con- 
siderable number of collisions between its own constituents and 
the constituents of the major swarm. ^Vhat will happen ? We 
get light and heat produced, a variable star is bom, which will 
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give the grealeat amount of Uj,'lit when the two swunns iire 
closest together. 

The minmmm, or least, amount of light and heat radiated 
will occur, not at the time of apastron passage, as would at 
first be sHiijHjBed, when the two swarms are at their greatest 
(listancu from ono another, but some time after the maximum 
depending on the magnitude of llie disturbances set up at peri- 
astron passage. 

We can iuw^jine also that, Inatead ot dealing with a Iiighly 
«lliptic orbit, such aa inu^ned in Fig. 50. we may have one in 
which the main muss is vet^- much nearer the centre of tJie 


: 
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orbit of the smallest swarm, that orbit being much more circular 
than in the tomier ease. There we get a chance of a number 
of collisions, extendijig over a greater part of the orbit of tlie 
minor swarm ; but there will not be anything like so gi-eat a 
difference between the mimber of collieiona at the two ends of 
tlie major axis of the orbit ua there would have been in the 
first case Bupposed. 

In that way, therefore, we can explain the variability of these 
imcondensed awarme, and not only the variability, but a very 
I'onsideruble difference in the time occupied by the changes 
and in the intensity of the greatest light produced. So much 
was that to be anticipated, that I predicted in 1888 that when 
we got »ny intlication of stars tlie spectra of which showed that 
they were really sparse swarms, such as that depicteil on the 
diagram, at the maximum of their luminosity we slioidd get 
bright lines, and in all probability bright lines of hydrogen, 
visible in their spectra ; in short, that o Ceti, otherwise Mira. in 
the spectnini of which Pickeiiiig hail photographed bright Hues 
in 1886, would be a typical, and not a si>ecial, case. 

In The Meteoritie HypoUusis, I brought tt^etlier « considerable 
iiiuubei of observations in support of my views, and they have 
been repeated since, but it is not necessary to go into details. 
Indeed, it is recognised thoroughly now that one of the cliief 
characteristics of a large class of \'ari«bles represented by Jlira 
ia the appearance at the time of maximum, at the top of tlie 
light curve, ot the bright lines of hydrogen. 

Mrs. Fleming, who ia iii charge of the work on variables at 
the Harvard College Observatory, writes ; — 

" If au object ia detected on Kay of the pliotographs ahowing a Hpectram 
of tlie thirii type, having aJso the hydrogen lines hright) it is nt once sus- 
pected of variability, aince only variables of long period ara kuowu to 
poasees thia pectiliarity."' 

I shoidd add in explanation that the third type of stnrs 



' AslroHOiHy and Attrophijsii 




re/erred l« lire stars which I liuM to be iiicti^^ritic swamia 
simply, i,f., nut condensed liodiea like the sun. 

I'rofeasor E C. Pickering, in suinnuug up the Iliirvurd work, 
alao atatps' : — 



' Jitrvnfmif aarf At/rofhgiict, p. Til. 
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"ThiB property has lud to the diacovery of more tlian twenty objecta of 
thin elBMB, and no exception has been found of a star baring this Hpectrum 
wliose light does not really vary. Dealingwitbthe variables of long period 
wliich have been diaeovered viaually, the hydrogen linea have been photo- 
gi-aphed aa bright in forty-one, the greater portion of the others being too 
faint or too red to be studied witli our present nieana." 

At maxiraiim forty old variables of this class show briyht 
lilies, and twenty new variables liave been detected by the 
appearance of bright lines ; i.e., bright lines being seen in them 
suggested that they were variable, and a further incjuii-y into 
the old records showed that undonbtedly their light had varied. 



The Variable y3 Lyk.v:. 

I now pass on to consider such a variable at S Lyra', con- 
cerning which star umch work has been done since my book 
was published. 

The light curve of this star is very curious. At its lowest 
brightness it is a 4^ magnitude star, and at its gi'eatest bright- 
iiess it shines as a star of 3^ magnitude, the changes going through 
one magnitude. These changes are run tlirougli in a period of 
tliirteen days. But the interesting point is, that half-way 
between the succeeding principal minima, which occur every 
tliirteen days, there is a well-marked secoutiaiy minimum at 
which the light only descends to 3J magnitude. These facts 
will be gathered from the accompanying light curve. 

Now what was the old explanation of these curious changes ? 
It was that the star represented a surface of revolution, the 
ratio of the axes being 5 to 3, i.e., elliptic beyond any experi- 
ence of oura with regard to any other bodies. There is a dark 
portion at one end of the axis symmetrically situated. Tliis 
body then has to turn and twist with its axes and the black 
spot, and so on, so that at the end of the chapter such a light 
curve as that of yS Lyrsv is produced. Now on the new view 
this variability is produced by movement and by two bodies. 
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Fio. Sa.-Ligll lurri: uf ;J l.trit. 

Let us attempt to get at what really liappens hy exaiuiniiig 
tho spectrum olwervatious. 

-Pickering was tlie first to sliow that ^ Lyne was a spectro- 
scopic double, and it waa the first spectroscopic double which 
waa discovered in which the companion waa Dot dark. Tlie 
duplicity was discovered hy the shifting of the lines, duo Ut 
motion of the two bodies in the line of sight. Here, then, was 
a demonstration of movement and of two IxKlies. 

Next it was found that the apectriun. like that of Mini, con- 
tained bright lines, hence the possibility of collisions, anotlier 
requirement of the new view. 

I'rofeasor Pickering found tlmt during the first half of the 
period— that is, Iwtween principal and secondary minima — tho 
bright lines were on the less refrangible sides of the correspond- 
ing dark ones, while during the second half they were dispUced 
to the more refrangible siiles. He further remarked that— 


• 
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" The actual changes in the spectra, wheu studied iu detail, are much 
more complicated than has been stated above, and show a variety of 
intermediate phases and changes in the dark as well as in the bright 
lines.** 

At Professor Pickering's request, I took up the work at 
Kensington in July, 1891.* Since it was commenced, accounts 
of the photographic spectrum of fi Lyne have also been 
published by Belopolsky,* Father Sidgreaves,' and Yogel.* I 
proceed to state, step by step, the results of the Kensington 
observations* 

1. Tlie spectrum is constant at tlie same interval from pHncipal 
minimtcm. 

Apart from the slight differences wliich seem to be accounted 
for by differences in the atmospheric conditions and conse- 
quently in the quality of tlie negatives, the spectmm appears to 
be the same at the same interval from minimum. 

2. Tlic kinds of variation shoion on the jjhotographs are as 
follows: — 

(a) Periodical changes in the relative intensities of the 

lines. 
(6) Periodical doublings of some of the dark lines, 
(c) Periodical changes in the positions of the bright lines 

Vi^ith respect to the dark ones. 

3. Tliere are tioo hodics involved giving dark line specti^a. 

At, and just before and after the second maximum, some of 
the dark lines are doubled. This indicates two sources of light 
giving dark line spectra and moving relatively to each other in 
the direction of the line of sight "WHien the relative movement 



* Froc. Sot/, Soc.j 1894« vol. Iv, p. 279, ei teq, 
' Mem. Soc. Spelt, Ital., June, 1893. 

' Monthly Notices, R,A.S., 1894, p. 96. 

* Sitzungsherichte, Berlin, February, 189'l. 
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ill the line of sight is zero, none of tiie lines are dotibled. The 
latter condition occurs alwut the time of the two mimnm. 

4. The mttxiiuum reltttire vtlocUij vf the two dark Ihie com- 
poMTti* in tlu lilts of »y//U is abcnit 156 wiles per second. 

Tile greatest separation of the dark lines occurs about the 
time of second maximum, and the relative velocity as deter- 
mined by muasurements of three of the doubles in the photo- 
graph of August U4, 1893, is that stated above. Tiie individual 
measurements are as follows : — 

Hy — iri5 mile* jier hcixhiiI. 
H8 = is-i 
X4026 = 158 „ 

5. One o/ the diiri: Utit components hears a stroii;/ trsemblaiire 
to Kujd.nvd the othrr to BfJIatrijr. 

The spectra of the two components can readily be separated, 
for the reHsou that only lines common to both will be doubled. 
Among these are the lines of hjdrogeu. Lines special to either 
component are always single, and they retain the same relative 
positions with respect to one gioup of liydrogen lines through- 
out the period. 

In Fig. 53 photographs are given to facilitate an analysis of 
the compound dark line spectrum. At the bottom of the 
diagram is a reproduction of a photograph taken near the time 
of second maximum (August 24, 189j), and the ajjectra of Uigol 
and Bellatrix are included in the same platv. The comjwuud 
character of the dark lino spectrum of /3 Lyra> at this time is 
shown by tlie fact tliat one group of lines corresponds vcrj' 
closely with tliose which apjiear in the spectrum of Kigel. and 
when ihese are subtracted from the whole spectrum, a spectrum 
closely resembling that of Bellatrix remnins, the latter spec- 
trum being displaced ui this pbotognipli Ui the more refrangible 
side, as shown by the sliort lines dmwu beneath llio siwctnim. 
The two dark line conipojieiit'5 of ^ I.ynf may bo called It anil 
B respectively. 
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It is not intended to suggest tliat the spectra of the two diirk 
line componeats arc quite identicul wilU those of Kigel uiid 
Bellatrix. These are simply the best-kuowu stars which thi-y 
most closely resemble, itnd the similarity is poiiitcd out ii^ an 
indication that we have nut to deal with bodies of nn itn- 
familiar type. 

The couditious at lirst inaxiinum are not so situplo as those 
at second maximum, though there is evidence to show that at 
tliis point of the light eur\'e the component IJ is recetling with 
respect to U. Tiie hydrogen lines are broadened, and the two 
lines near 4472 and 4482 have approached each other, as tht-y 
should do if one belongs more especially to II, and the other 
l«B. 

6. W7M-n (Ae two hodiea lie alony the line of sight, partial 
edipxe* occki: This happcm -near the viimmum. of the l^ht 
curve. 

The difTereuces in the intensities of tlie dark lines special to 
li and B, near Uie two minima, indicate that near the principal 
roinimum K is partially eclipsed by II, while near secondary 
minimum 11 is partially eclipsed by It. If we hiave the bright 
lines ont of consideration, it is seen that near principal mini- 
mum the apectnira of ff Lyrns greatly resembles that of Hella- 
trix, the component li in this aise lying lietween us and 
component It. As tlie ecHjwe is not total, however, the lines 
special to It appear with reduced intensities ; the lines joining 
tlie sjiectrum of ,8 Lyne to that of Bellatrix indicate the piin- 
cipal tines of component B. At the secondary minimum, on the 
other hand, component It lies in front of component II, and the 
spectrum consequently bears a greater resemblance to that of 
Rigel. This is shown by tlie lines joining tliow of j9 Lyne to 
the spectrum of Iligel in Fig. 5^. 

The diflercnce is especially noticeable in the case of iho Uaen 
near X 4471*!, 4481-8, 4:J88-7, and in the group of four lines ii 
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little less refrangible tliaii H|, Near principal iniiuimini 
4471'8 b stronger than 4481-3, as in Bellatrix, while about 
aeeondarj' niininmm 4481'8 13 stronger than 447l"8. 

If the eclipses were total, the variations of the spectniiii 
might be expected to he still more striking. 

7. 1)1 addition to dark lines, tltere are several b-riijht ones which 
change their positions vnlh respect to the dark ones. 

The photograplis show conspicuous bright lines about 
wave-lengths 4862(H3), 4715'9, 4471-», 4388-7, 4340-6(H,). 
4101-7{H,). 4025-7, and 3387-7(Hf). Other fainter ones also 
appear in some of the best photographs. Kecent research shows 
them to be due to hydrogen and helium. 

The displacements of the bright lines described by Pickering 
are confirmed in the main by the Kensington photogra]>h8. 
In the several photographs taken between principal and 
secondary minima, the bright lines lie on the less refrangible 
sides of the dark ones; at secondary minimum the broad bright 
lines are almost bisected by dark ones ; while from secondaiy 
minimum to princiimlminimiun the bright lines are more refran- 
gible than the dark onee. The investigation of the movements uf 
the bright lines must, however, be now carried on in the light 
of the knowledge gained with regard to the existcnct- of two 
sets of dark lines. 

If we consider the displitcements of the bright lines with 
reference to the dark lines of component K, we find that they 
are always in tlie same direction as those of component B with 
respect to K. Tliua, in the first half of the period, the bright 
lines aa well as the dark lines of component B are leas refran- 
gible than those of ciomponeut E, while during the second half 
they are more refrangible. The bright lines, however, do not 
keep a constant position with respect to those of component B, 
although displaced in the same ciii'ection. 
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8. TJie bright Uius arc brig/itail hooh of ter secondary n 
If tlio lirightness of the linos in reality remaiua constant, Ihey 
will appear relatively brightest at the two minima, owing to 
the reduction of continuous spectrum which is associated with 
the increased brightness of the star at maximum, and for the 
same reason Uiey should api>ear brighter at princijial than at 
secondary minimum. Estimates of the brightness of the lines 
in relation to the continuous siwctmm have been made inde- 
pendently by four of my assistants, and, although estimates of 
Ibis kind are liable to error, tlie general agreemeut is sufficient 
to indicate tlial, wiien all allowance is made for the varying 
continuous spectrum, there is a maximum of brightness of the 
bright lines about half a day after secondary minimum. Tlie 
apparent increase of brightness near principal minimum setims 
to be due solely to the reduceil intensity of the continuons 
Bjiectrum. 

These obsen-ations are now four yeare old ; so far as I know, 
they have never l>een contested ; and I claim for them full con- 
tirmatinn of the three fundamental re<iuirement8 of the meteo- 
ritic hypothesis, for the regular brightening of the lines suggesta 
collisions, and we know now that we have two uncondenscd 
meteor swarms in motion roun<l their common centre of grii\ity 
us in CetL 



Viitious Kixuis OP Vauiauiutv. 

It is perfectly clear from the liypothesis that siN-cial kinds of 
variability must accompany each special degree of condensation ; 
e^., two sparse swarmn cannot ecliiwe each other, iior can they 
in collision give the same spectrum as when their constituent 
meteorites are not entangled. Hence, if we find stars with 
siuiilar sjtectra associated with similar kiiuls of variability, we 
have in tliis a strengtheniug of the hypotliesis and proof, if any 
more were neetled, that all eo-calU-il " stars " arc not comU'nscd 
like our own sun. 



170 THE SUX'S PLACK IX XATLRE. [chap. 

Xow this is conceded. Professor Pickering writts as 
follows : — 

"The classification of the stars according to their .s|»ectra is so far- 
reaching that it should be applieil to each of their other jji-ojierties. Fr»r 
instance, of the variable stars it ap^iears that all known Algol stai-s have 
spectra of the first type (Group IV), while long-i)crio<l variables in general 
are of the thii*d type (Group II), and have the hydrogen lines bright 
when near their maxima."' 

" Variable stars of short i)erirj<l genemlly have spectni nf the second 
type " (Groui>s III or V). 

Indeed, we may use the phenomena of variability in support 
of the general hypothesis, for the different kinds of variability 
with which we are most familiar must be special to certain 
kinds of stars. As I have before sjiid, sparse swarms cannot 
eclipse eacli other, and it is only sparse swarms which by colli- 
sion can produce bright lines lasting only a short time. 

We should expect, therefore, the variability of stars of wliich 
the meteoritic supply has ceased to comprise eclipse pheno- 
mena only, and this is so. The more these stars shrink on 
cooling, the rarer should eclipse phenomena become, and this 
is so. 

Hence we have special kinds of variability for stars increas- 
ing and others decreasing their temperature. 

So far no mention has been made of variables of the S Cephei 
class, but here again it apj^ears that they I'epresent boilies 
increasing their temperature and less sparse than Mira, while in 
some respects tlie conditions ai*e changed. 

Eeplies to Objections. 

Two objections, however, liave l>een made to these hj^po- 
thetical two swarms. It has been urged that the secondary 
swann which we saw moving in a closed orbit round the 
primary one would soon spread out into a line along the 



' Astronomy and Astrophnticf^ lSi*3. p. 721. 
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orbit, so that there would always l>e some iinits ut il mixed 
up with the constituents of the parent swnnu.' 

"Till' C0U(Utiolu< in a wystem of colliiling swanus <mii1<I not lie |>er- 
mniient, for witli suix-vmive coilidooa the unnller Ewann would become 
»I>reail out mu «8 to forui a riug, and bence the varkbilily iif the slnr 
would cease." 

That ia a perfectly fair objection, supi^osing we ar« dealing 
witli millions aud billions of years, but I think that tln>se wlm 
have made it do not know the history of astronomy. Let us 
take, for instance, the history of the well-known Xoveml>er 
swarm which cuts the earth's orbit, so that in certain Novembers, 
about thirty-three years a^mrt, we get this swarm of meteorik^ 
passing throu<jb our atmosphere, getting burnt out in that 
passage, and giving us one of the most magnificent sights which 
it is possible for mortals to see : a wbolu hemisphere of sky 
tilled with shootmg stars. Some of us remember such a phe- 
nomenon OS that in the year i8tiu ; some of us are hoping to sw 
the recurrence of it in 1899, for which we have not long to wuil. 
Hut the fact thai we only get this appearance every thirty-three 
years shows tliat, at all eveuta, that swarm of meteorites to 
which the phenomena are due has not cliaiiyed iluring our life- 
time ; nay, it has not changed during the last thousand years, 
for man has known of that November swarm for more than a 
thousand yeai's, and we have only known of tlie variability of 
Mim for 300 years. Hence such an objection is entirely out of 
court, Itocause it lacks the historical touch. 

Another objection which has l»een urged is that there are 
certain irregularities in the light curves of these hmUes which 
arc not consistent with orhiljil movement ; that Mim, for 
instance, does not always come up to tlie same amount of 
brightness at its maximum, and perhaiJs, for all we know, does 
not always go down to ibe same low magnitude when it is at )t« 
lowest. 

' Vrott will SoWbcm, AHfooomleml Sftttn m tfi g , p. SIL 
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Tliia is Professor Young's objectiou. He writes; — 
"There ai'e niaay gooil points about this ingenious theory, but also 
BeriouB objections to it, as, for instance, the great irregularity o( the 
periods of atara of this class, an iiregukrity which hardly seems consistent . 
with audi an orbital revohitiou."' 

That also is perfectly true, and on this account : there is no 
reason why we should supiiose that these phenomena of the 
waxing and waning light of the body are produced by the 
movement ot one body only. Suppose, for instance, that there is 
some cosmic eye a billion miles away from our solar system, ao 
beautifully and exquiaiLely wrought, so delicate in its construc- 
tion, that it ciui see an increase in the light of the sun every 
time a big comet goes round it. Now we know from our own 
experience of comets that it would be absolutely impossible for 
that delicately constructed eye to see anything like a coiiatant 
variability in the light of the sun under these conditions, 
because sometimes the brightest comets which come to ns are 
absolutely unpredicted ; they come at irregular times. 

It must next also be pointed out in connection with this 
objection that there are other obvious causes for considerable 
variations in the light, both at the maximum and at the mini- 
mum. The beautiful spiral uebidEe of which Dr. Roberta has 
given us such maguificent photographs may, for aught we know, 
truly represent the parent swarms ; it is impossible to imagine 
that the minor swarm would exactly pass tbraugh all the 
intricacies of those magnificent spirals, and go and return 
through it precisely on the same path. It would be more pro- 
liable that, in consequence of perturbations, the secondary swarm 
would sometimes go through a denser portion, at other times 
through a less dense portion, and that would be quite sufficient 
to give us a considerable difference of luminosity. 

That the intervals between successive maxima and tlie mag- 
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nitudes at maxima are not coustant does i)ot piuvc tliat the 
actions are not peiiodic. 

The only objections which have yet been mnde to the new 
view as to the cause of variability in this class of stars are thus 
readily explained 

But suppose for a moment tliat this view of two bmlies is not 
accepted. What have we got in place of it ? We have to 
explain all the phenomena of variability by one body. That 
has been attempted more or less Iiappily. Suppose, for instance 
we have the case of a body waxing and waning qiiite regularly ; 
we have only to say that body is like a soiip-plate, and rotates 
on an axis, so that sometimes we see tlie face, sometimes 
only the edge. But that is not very satisfactory, because we 
do not know any stars wliich are like soup-plates. Another 
way is t^ say that the stars which are variable have great dark 
patches on one side of them, great bright patches on the other. 
We can get a variation of light by such a scheme na that j but 
we have not obaerved that; we are simply inventing, merely 
suggesting ideas to nature that 1 fancy nature will tell us by- 
and-by are quite erroneous. For instance, J have stated the 
facts with regard to Lyne which establish the action of two 
bodies, and I have given the explanation formerly put forward 
for the variability of that star. The old e<£planatioa is 
blown into thin air by the facts. I think it will be ac- 
knowledged that the old ideas are irrational, because they have 
no true basis of fact, and we must remember that in all this 
work we must deal strictly with the facts in accordance with 
the rules of philosophising ; ie., we must never have a com- 
plicated explanation until we are perfectly certain that a 
simpler explanati<]n will not do, and the simplest explanation 
of all is that which occurs moat frequently in the n^gion of 
facta That puts the soup-plate theory with regard to variable 
stars entirely out of court. Further we must remeuiber that, 
supposing those who still hold to the one-body theorj-, one star. 



d 



THE SUN'S PX.ACE IN NATURE. 



[chap. 



one viiriability, objoct to the possible expliination of variability 
Ijv the uieteoritic liypotheais, they will timl it very much more 
diflicult to explain the deiiarture from ref^ulftrity by any 
geometric system, localise a geometric syatem must certainly 
be more rigid than any other, and, tlierefore, any irregularity 
under it would be almost impossible. 

Lit-stly, by way of reminder, it imiy be stated that' aaj' 
aiiioinit of variability and irregular variability in the light 
curves of these bodies may be explained on very simple grounds, 
provided we acknowledge that we are dealing with the move- 




FlO. 6*. — Indicating liow appnrpnilj Irrugulftr liglit ei 
■uiiimatioD of two regular li|;iit 
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ments of morc than two Ixxlies. For instance, suppose we 
have one cause at work which gives us a maximum and mini- 
mum, and another cause which gives us two very much smaller 
maxima and minima occurring at a different perioil represented 
in Fig. 54 in the upper part of the diagram. 

If we add these two together, we get the irregular light 
curve shown Ijclow the two simple curves in the diagram. But 
the amount of irregidarity may possibly only reveal the amount 
of our ignorance, and when the time comes when we can isolate 
these two causes, and thus see how the addition of them should 
be made, we shall find that every part of this curve is really 
the result of a most l>eautiful law. I am very glad to say that 
quite recently Mr. Maxwell Eeail, of the Harvard Observatory, 
has put forward the same suggestion, so that we may hope that 
it will soon Ix' worked out on pretty bmad lines. 
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CHAPTER XL— EYE OBSERVATIONS OF NEW STAES. 



Early Views. 



Clossly associated with variable stars are the phenomena of 
so-called "new stars." We have had during the last thirty 
years five of these new stars, and it was during the appearance 
of one in the constellation Cygnus in 1876 that I was led to the 
views which I still hold with regard to their origin. 

One of the most remarkable features of these new stars is the 
rapidity with wliich they lose their brilliancy. 

The first published views relating to the possible causes of 
the phenomena presented by stars suddenly coming into visi- 
bility we owe to Tycho Bralie and Kepler. These were pro- 
mulgated with reference to, and in explanation of, the new 
stars which appeared in 1572 and 1604. It will be convenient 
to begin our consideration of the views in question by giving a 
condensed account of the observations which had suggested 
them. 

The Nova of 1572 observed hy Tycho Brah^:. 

This, the first Nova of which anything like a complete record 
exists, appeared in Cassiopeia, in 1572. The accompanying 
phenomena were minutely described by Tycho Brahe,^ who 
first saw it on November 11, 1572. The Nova appeared 
destitute of nebulous surroundings, and only differed from 

^ Tycho Brahe, Progymnasmata^ lib. ii, p. 300. 
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other stars in the vivacity of its sointillations. Wlien it was 
first observed, it appeared more brilliaut than Sinus, a Lyrse, 
or Jupiter, and even rivalled the splendour of Venus at greatest 
brilliancy, being, like Venus, visible in the daytima At tho 
lieginning of December a diminution in brightness was noticed. 
Tliis regularly continued until, in March, 1574, the Nova had 
disappeared. Tho gradual diminution of the star's luminosity 
may be seen from the followii^ photometric observations made 
by Tycho Brahe i — 

November, X572, Brighter than Sirius. « Lyne, or Jupiter, 
and only comparable to Venus when most brilUaat 

December, 1572, As bright as Jupiter. 

January, 1573. Less bright than Jupiter. 

February and March, 1.573. Equal to a first magnitude star. 

April and May, 1573. Equal to a second magnitude star. 

July and August, 1573. Equal to a third magnitude star. 

October and November, 1573. Equal to a fourth magnitude 
star. 

End of November, 1573. Eqaal to a fifth magnitade star. 

Between December, 1573, and February, 1574. Equal to a 
sixth magnitude star, 

March, 1574. Disappeared. 

Changes of colour accompanied the changes of brightness. 
When the star first became conspicuously visible it was white, 
like Venus aud Jupiter. It then acquired a yellow colour 
which moi^d into red. In the first months of 1573, Tycho 
Brahe compared it to Mars and a Orionis, and considered it to 
bo much like Aldebaran. Later on in the same year, and 
especially towards May, a leaden hue was observed, like that 
exhibited by tho planet Saturn. This continued until Januarj-, 
1574, when the colour appeared to become less clear and of a 
less pure whiteness as the star slowly disappeared. 
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The Nova of 1604 observed by Kepler. 

The famous Nova which appeared in 1604 is associated with 
the name of Kepler, as that of 1572 is with Tycho Brahe. It 
was first observed on October 10, by Bronowski, a pupil of 
Kepler's. The latter astronomer saw the Nova on October 17, 
and wrote a circumstantial account of his subsequent observa- 
tions. 

The following is a tabulated account of the estimations of its 
magnitude during the fifteen months that the star was 
visible : — 

1604, October. Brighter than first mt^nitude stars, and also 
Saturn, Mars, and Jupiter. 

1604, November 6. Could be seen at twilight, although 
Jupiter was not visible. 

1604-5, December 24 to January 3. Greater than Antares, 
but less than Arcturus. 

1605, March 20. Less than Saturn, but greater than third 
magnitude stars. 

1605, April 21. Equal to a third magnitude star. 
1605, August 12 and 14. Equal to a fourth magnitude 
star. 

1605, September 13. Less than a fourth magnitude star. 

1606, March. Disappeared. 

Kepler does not record a sequence of changes in colour like 
that undergone by the Nova of 1572, although he alludes to the 
yellow, saftron, purple, and red tints of the star when it was 
near the horizon. It will be seen from the following extract* 
that he refers to the scintillations as being like the colours 
reflected by the faces of a diamond, but this was also the case 
with Tycho Brahe's Nova, and is distinct from the gradual 
colour changes of the latter star. 

I JD« Stella Nova in Fede Serpentarii, Prague, 1G06, p. 5. 
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"Milii, qwi potiwimum reapiciebani ad colorum India Tarietstem, q«os 
pro scintillatioois alio ntqae alio ha,bitu evomuit, placuit iiti exemplo 
Adamantia mnltanguli, qui Solis radios inter convertendum, ad spectan- 
tium oculoB, VBrlabili fulgore revibraret : Bimul ad uauaam BctutillationiB, 
in Opticia meU allatam, alludere voIuL 

" De coIoribuB MiestliDUs planS niecutn, eos ad momenta aingula variari, 
ez flava muz uroceam, d VMligio purpuream et rufam, uf ^urimiim can- 
didam Tuleri, ubi ae vaporibua paulo aUivt eUvetur." 

Although many other Novie have been observed, none have 
matched the splendour of those of 1572 and 1604, and of none 
Iiave such circumstantial accounts been written. 1 now pro- 
ceed to a statement of the explanation of the phenomena put 
forward by the respective observers. 



Ti/cfio Bra/ie's ITi/poHtais. 

Tycho Brahe considered that new stars were formed from the 
coamical vapour which was supposed to have reached a certain 
degree of condensation in the Milky Way.' 

"Cteli uateriaut aubtilliuinia nostroque risui et planetanun nwuitibua 
pervia, iii unuui tameu globiim condeoaata compactaqae, et lomtne, ai non 
proprio ealtem xolari, illiutrata, hanc stellaju eflingere potuit. Qme 
quoniam citra commonem natune ordiDein quad monstron extitit, parem 
cum cH-t«ri8 peraeverantiam obtlnere neqnibat j veiuti neque novw el 
elementia conitautes generationea et monatra diu duiaiit. 

"Et qoamvia ui tola oelestis mundi rnatitate materia pro cooforma- 
tioue ulictiiua st«llie aacititiie, meo judicio abundd suppetat ; tamen una- 
quam copiueius et pleniClB, qoam jaxta Tiam Lacteam, quam mbatantiam 
quaudam (aeI«Eil«m a materia reliquarum et«llarum Don diacrepajitem, 
B«d Jiffuaam certiaque lociii eipaiioam, tion in anum corpua diacretim, 
pTunt iu Btt»Uis fit, couglobatam ease alatuo : hincque factum jadico quod 
tio?a hiec iu ipsoQalaiiie margiue i.'ou8Ut«rit.* 

It will t>e seen from the al>ove extract that the fact that the 
Nova api)eared on the edge of the galaxy was used by Tycho 
Brahe to give weight to the hypothesis of Btellar formation 
advanced by him. Indeed, some observers imagined they could 



' Progymna 



yata, p. 794. 
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see the hiatus or opening out of which the Nova came. The 
disappearance of the star was supposed to be due either to some 
action in itself or to its dissipation by the light of the sun and 
stars. When Tycho Brahe advanced the above theory, the tails 
of comets were looked upon as similar in constitution to the 
Milky Way. 

Support of the Hypothesis by Kepler. 

Kepler agreed with Tycho in considering that new stars were 
created from the ethereal substance of which the Milky Way 
was composed. The circumstance that Mira Ceti, which was 
looked upon as a Nova, appeared in a part of the heavens 
distant from the Milky Way, was explained by saying that the 
nebulous material was not exclusively confined to the galaxy, as 
supposed by Tycho Brahe, but pervaded all space.* 

A fact deemed of considerable importance was that both 
Tycho Brahe's and Kepler's Novae became suddenly and 
strikingly visible, and did not appear gradually to increase in 
brightness. Indeed, it was thought that all new stars must 
exhibit the maximum of brilliancy at their first appearance, and 
Kepler went so far as to use the statement made by Antonius 
Laurentinus Politianus, that he had seen the Nova of 1604 
increase in brightness, as an argimient against his having seen 
the star at all. The following are the words used by Lauren- 
tinus : — " Apparuit parva, et postea de die in diem crescendo 
apparuit magnitudine, et lumine non multo inferior Venere, 
superior Jove."« 

Newtoris View. 

The first Nova that attained any brilliancy, after that of 1604, 
appeared near /3 Cygni in June, 1669, and was observed V)y 

' Be Stella Nova in Pede Serpentariiy Kepler, pp. 110-112. 
> Ibid., p. 8. 
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Anthelm.' This Nova fluctuated in brightneaa between the 3rd 
and 5th magnitudes, and finally disappeared altogether. It is 
moat probable that observations of this star drew Newton'a 
attention to the eubject, and led him to the idea that " Novse" 
were produced by the appulee of comets, thus propounded in 
1686 in the Principia* 

" Sic etiam Btellie fixie, qate paolatiiii eipinnt in lucem et vaporea, 
cometiB ia ipgaa incidentibiu refici powunt, et novo alimento ftccenan pro 
atetlu DOViB haberi. Hujas generis aunt stellie fixie qtue Hubito apparent, 
et sub initio quam maxinie splendeut, et aubinde )AulatiiD evanescuot. 
Talis fuit Stella in cathedra Cafiaiopeiie qiuun Comeliua Geoinia octavo 
Noverobris, 1572, luatrando illam c<eli partem nocl« sereiia minime vidil ; 
at nocte proiima (Novem. 9) viilit fiiia omiiibuB «pIcndidiorem et luce RU 
vix cedeDtem Veueri Hanc Tjrcho Brahwua viJit undecimo cjiudflm 
menaiH ubi luaximS splenduit ; et ex eo tempore pauUtim decreaoeDtem 
et Bpatio nieusium sexdecim evanesceutvm ubservavit." 



More MoDKim Vikws. 

In dealing with the period between Newton's tijue and 1890, 
I propose to give, as shortly as possible, some of the most 
important views expressed, dnring the last quarter of a century, 
by ohaei'vers of the phenomena we are now considering. 

Zmiwir, 1865. 

According to the hypotliesis advanced by Zollner,* all stars, 
at a certain period of their formation, become covered with a 
cold, non-luminous crust. If the glowing mass bursts forth, 
the chemical combinations wliich have formed on the surface, 
under the iutluence of a low temperature, are again decomposed 
with a resulting development of considerable heat and light 
Hence the great brillianey of a new star must not be aacribed 

> Pkil. Tra—., vol. G, p. E02S. 

) F. 525, illwgov odiUos, 1H71. 

• PiofoiMtrwcA* ettrrnchiKigi*, 1865, p. 261. 
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merely to the bursting forth of a glon-ing mass, but also to the 
combuation of ihe aubstances which form the shell. 

Hu^ns and Miller, 186C. 

Drs. Huggins and Miller's observations of the Nova that 
appeared in Corona Eorealis in 1866 led them to the following 
general conclusions :' 

"It is difficult to imagjine the present phjndc&l condition of this re- 
markable object. There imiat be n photosphere of matter in the aotid or 
liquid state emitting light of all refrajigibilitiea. Surrouailing this must 
exist also an atnioephere of cooler vapours, which give rise, by absorption, 
to the groups of dark lines. 

" Betides this couatitutiou, which it poseossee in common with the sun 
and the stars, there must exist the source of the gaseous spectnim. That 
this is not produced hj the taint nebulosity seen about the star is evident 
by the brightness of the lines, and the circumstauce that they do not 
extend in the instnmtent beyond the boundaries of the continuous 
spectrum. The gaseous mass from which this light emanates must be at 
a much higher temperature than the photosphere of the star, otherwise it 
would appear impossible to explain the great brilliancy of the lines com- 
pared with the corresponding parts of the continuous specti^mi of the 
photosphere. The positions of two of the bright lines suggest that Uiis 

gas may consist chiefly of hydrogen The character of the spectrum 

of this star, taken together with its sudden outburst in brilliancy and ita 
rapid decline in brightness, suggests to us the rather bold speculation that, 
in consequence of some vast convulsion taking place in this object, large 
quantities of gas have been evolved from it, that the hydrogen present is 
burning by combination with some other element and furnishes the light 
represented by the bright lines, also that the flaming gas has heated to 
vivid incandescence the soUd matter of the photosphere. As the hydrogen 
becomes exhausted all the phenomena diminish in intensity and the star 
rapidly wanes." 

Johii^one-Stoney, 18C8. 

In a paper on the physical constitution of the suu and stars, 

Mr. Johnstone-Stoney, in 1868, discussed the origin of double 

slaiB. He then remarked* that the astonishing phenomena 



■ Fne. Sag. Sec., vol. xv, p. 148. 
* Ihid^ voL srii, p. 63- 
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witnessed in T Coronte were precisely wliat should arise towards 
the end of a process he describes ; this process may be gathered 
from the following quotation : — 

" The Stan having been intensely heated liy previoua perihelion pas- 
aftgee, and having begun to ahrink, would, at ordinary times, preiient a 
Bpectruin subdued by an abundance of very dark lines ; but immediately 
after one of the last occanion* upon which their atraoBpheres brush against 
one another, the outer constituent of their attnospheres [hydrogen] luid 
the outer couatituent alone, would be raised by the friction to brilliant 
incandescence, which would reveal itself by the temporary substitution of 
four intensely bright for four dark hydrogen lines in a spectrum which 
everywhere else continuee to be filled with dork lines. And, moreover, 
these dark lines would fur a while be rendered faint by the fierce beat 
railiated upon the outer parts of the atmosphere of each star by ila com- 
panion.'' 

Vogd, 1877. 

Observations of the new ator in Cygnns (1876 — 77) led Pro- 
fessor Vogel to remark as follows : — ' 

" It is geiiendty supposed that the bright lines in some star spectra are 
due to gases which burst out from the interior of the luminous body at a 
temperature higher than the surface, as similar lines are occasionally seeik 
in the spectra of sun-spots, and are caused by the eruption of incandescent 
hydrogen from the hot interior over the cooler surface of the spot. Bui 
this is not the only explanation. It may be assumed that the outer shell 
of a star, consisting of glowing gases, as in the case of our sun, has a 
lower tem|>erature thim the nucleus, although it is at a relatively tugh 
temperature. 

"On the hrst supposition, it is impossible for the appearance to last for 
any length of time. Thu gaa bursting forth from the heated interior 
would communicate part of its heat to the cooler surface, thus raising the 
temperature of the latter until the difference of temperature between the 
incandescent gas and the surbce is insufiicieut to pnxjuce the bright lines, 
which consequently disappear. 

"This theory satisfactorily explains the apparition of so-called mw 
stars, having bright Imea in their spectra, and which suddenly appear aad 
speedily disappear altogether or lose most of their brilliancy, if ZOUner^ 
hypotheais be accepted as a further explanation." 



< Brrlim Akad. MenattttrieUt, ISTT, p. U6. 
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Lohse, 1877. 

Dr. Lohse advanced a theory to account for " new stars," 
founded upon his observations of Nova CygnL^ His suggestions 
are summed up as follows : — 

(1) ^ The lighting up of new stars may probably be looked upon as the 
result of the innate affinity of chemical matter. 

(2) '' The conditions and manner of illumination may be regarded as 
follows : — By the progressive cooling of the mass of a luminous body 
(fixed star) which consists of heated vapours and gases, an atmospheric 
envelope is erected which absorbs the light so much, that the star cannot 
be seen at all, or only very faintly, from the earth. As this body con- 
tinnes to give out heat, at length the degree of coolness is reached which 
is necessary for the formation of chemical combinations. The greater 
portion of the body is composed of elements which then combine, pro- 
ducing, by their combination, heat and light, and thus making the star 
visible to a great distance, and for a long or short space of time." 

Laekyer, 1877. 

In this year, discussing the phenomena of Nova Cygni, I 
advanced the view that meteoritic collisions were, in all pro- 
bability, the cause of them. This will be fully discussed 
later on. 

Monck, 1885. 

Mr. W. H. S. Monck suggested, in relation to the new star in 
Andromeda, that : — 

'^ As shooting-stars are known to be dark bodies rendered luminous for 
a short time by rushing through oiu* atmosphere, new stars are dark (or 
faintly luminous) bodies which acquire a short-lived brilliancy by rushing 
through some of the gaseous masses which exist in space." 

^ Berlin Akad. Monatsberichte, p. 826. 



CHAPTER XII.— THE METEORITIC THEORY OF THE 
ORIGIN OF NOV.T« 



The whole conception of the nieteoritic hypothesis arose from 
ft conaideratioii of those bodies which aocietimes (|uite sud- 
denly make their appearance iu the heaveus. 

It was a " new star " which appeared iu IS76 which drew 
my special attention to these phenomena, and, as a result, I 
wrote as follows :— 

" It should huve Wii perfwtly clear to thoae who thought about nich 
DUtt«rB, thut tlie word ' star ' iii audi a cam is a roUuomer, from & 
Bcieotilic point of view, although no word would be better In describe it 
in ita popuUj aapecL The word ia a mianomer, for this reaaon. If Koy 
star, properly so called, were to become h ' world on lire,' were to ' burst 
iuto flames,' or, in less poetical languti^ie, were to be driven either into 
a condition of incandesceoce absolutely, or to have its inotDdeMenee in- 
creased, there can be little doubt tbousauds or millions of years would be 
necessary for the reduction of its light to the original intensity. Mr. 
Ooll has recently shown that if the incandescence observed came for 
tinliiiu from the collision of two stars, each of theni half the mass of the 
■BB) moving dii-ectly towards each other with a velooity uf 476 miles per 
■ainnd, light and heat would be produced which would covet the pn>seiit 
rate of the suu'e radi&tion for a period of 50,0(XI,000 years. A very dif- 
ferent state of aSaire this from that which must have taken place in any 
of the Novre from the lime of Tycho to our own, and the more extreme 
the difference, the less can we be having to deal with anything tike a star 
properly so called. 

" The very rapid reduction of light in the case of the new star in 
Cygnus was bo striking that 1 at cuoe wrote to Mr. Hind to aak if any 
change of place was observable, because it seemed obvious that if the 
body which thus pnt on eo suddenly the chromoepberic spectrum were 
single, il might only langK a few tont or mwi hmsdreditetgAt*, and being to 
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aiuatl might be ver^ near lis. We are driven, then, from the idea that 
these phenomena are produced by the iDcandeacence of large masses of 
matter becauBo, if they were so produced, the running down of brilliancy 
wauJd be exceedingly alow. 

" Let us consider the case, then, on the Bopposition of small maases of 
niHtter. Where are we to find them I The answer is easy : in those 
small meteoric masses which an ever-increasing mass of evidence tends to 
show, occupy all the realms of space. 

It may here be stated that among the well-observed pheno- 
mena recorded, the star on dimming its lustre gave out light 
epectroscopically identical with that emitted by the nebulie. 

I pointed out that this fact 



and Tait's hypothesis of the true nature of nebulae. The nebular hypo- 
thesis in its grandeur and simplicity remains mitouched by these obser- 
vations, the facts, so far from being in direct op{>osittou to it, help us, I 
think, all the better to know exactly what a nebula is. 

" There is another point of extreme interest to the spectroscopiat, if we 
acc«pt the bright line observed in the star by Dr. Copeland and others to 
be veritably the chief nebula line. It ia clear from Dr. Vogel's diagram, 
that this line brightened rdativelg with each decrease in the brilliancy of 
the hydrogen luies. On December Bth, IST6, it was much fainter tlian F, 
while by March Snd, 1877, F wna a mere ghost by the side of it. On 
any probable siippositiou the temperature must have beeu higher at the 
former date.'" 

Eetuming to the subject of new stars in 1887, in a prelimi- 
nary discussion of the meteoritie hypothesis, I saw no reason to 
change my views, and an inquiry into the spectroscopic phe- 
nomena led me to state that : — 

" New stars, whether seen in connection with nebulie or not, are pro- 
duoeil by the clash of meteor swarms, the bright lines seen being low 
tamperature liiies of elements, the spectra of wliich are most brilliant at 
a low stage of heat."' 

This general theory, however, does not exclude other causes, 
such as the sudden illumination produced by collisions of two 

' SalMTi, tol. iTi, p. 413, 1877. 
» Norembor, 1B»7, p. 164. 
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dark bodies ; but I pointed out that no case of this kind has 
happeued within human ken. 

It followa, then, that the phenomena of new stars are pro- 
duced by the same cause as that which is at work in the 
variable stars in which we get the greater light produced at the 
moment when two swarms, one revolving round the other, are 
nearest together. The only difference being that, in the variable 
stars, we deal with periodic phenomena. 

It is obvious, then, that a complete discussion of these 
phenomena should afford a valuable test of the general hypo- 
thesis, for the reason that such bodies, instead of going forward 
along the temperature curve, should go back as they cooled, and 
the sequence of spectra should be reversed. 

In 1890 all the observations, therefore, were brought together 
and discussed from tliis point of view. These discussions farm 
the subject matter of the present chapter, which consists of a 
condensation and slight revision of a pajier I communicated to 
the Boyal Society in that year.' The investigation had parti- 
cular reference to tlie sequence of the spectra of Novw from 
their appearance to their diminution to invisibility. In the 
absence of spectroscopic observations the changes of colour 
were studied to afford a means of arriving at some idea of the 
physical constitution of the body observed. 

For tlie purposes of this inquiry I define a Nova as a body 
which suddenly appears, then diminishes its brightness, and, 
finally, disappears at a star. 



Discussios OP THE Spectra of Nov*. 

Nova CoroTur, 1866. 

Hie spectrum of this star was observed on several dat«3 by 
Meaan. Hoggins and Miller, Wolf and Bsyet, and Stone and 
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Carpenter, The observations of Huggins and Miller were made 
on May IG, 17. IS, 19, 21, and 23 ; those of Wolf and Kayet on 
May 20 ; and thoae of Stone and Carpenter on May 19, 20, 23, 
24, 28, and June 7. There is a general agreement as to the 
positions of the lines determined by the different observers, and 
the principal difference observed, aa the star faded, was simply 
a diminution of the number of lines. 

In their tirst observation, on May 16, Messrs. Huggins and 
Miller' not«d four bright lines, and suspected a fifth. Two of 
these were found by direct comparison to be tlie C aud F lines 
of hydrogen, but the positions of the other two were only 
roughly plotted on a diagram. There are not snJficient data 
for accurate reduction of the wave-lengths of these lines, but 
by a curve they have been found to be at approximately 468 
and 473. Of the more refrangible of the two it is remarked : 
"The appearance of this line suggested that it was either double 
or undefined at the edges." The fifth line suspected was prob- 
ably not far from G of the solar spectrum, and the presence of 
C and F make it highly probable that this was the hydrogen 
line at G. 

In addition to these bright lines, many absorption lines and 
bands were observed. These absorptions were evidently very 
sinular to those seen in stars like a Orionis, This was noted 
by Messrs. Huggins and Miller, and I have siuce compared 
those in the blue end of the spectrum with the lines photo- 
graphed in a Orionis by Professor Pickering, who kindly 
furnished me with the data necessary for the reduction to wave- 
lengths. This shows a very close relation between the two 
spectra. The spectrum was again observed by Messrs. Hug- 
gins and Miller on May 17 and 19, but no remarkable difference 
was noted. 

On May 19, the spectrum was also observed by Messrs. Stone 



' Froe. Boy. Soe., toI. it, p. 1*7, 
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and Carpenter.^ Four bright lines were seeu, but only three of 
tliem were fixed by measuremente. The position of the fourth 
waa approximately detennined by eBtiniation. One of the lines 
was undoubtedly F, and the wave-lengtiis of the otliers, as 
deduced from a curve, I find to be about 501, 471, 467. The 
data for reduction, however, are quite insuthcient to give any- 
thing like accurate results. The C line was not recorded. 

In the account of bis observations of Nova Cygni, Vogel 
refers to the observations* of Stone and Carpenter ; he reduced 
the positions of the lines to wave-lengths 502, 467, 463, He 
[X)ints out, however, that on accoont of insufficient data, these 
cannot be regarded as accurate. 

The liuc 500 was seen only by Messrs. Stone and Carpenter. 
The other two lines are, in all probability, identical with those 
observed by Messrs. Huggins and Miller, for which I have 
determined the wave-lengths 468 and 473, Traces of absorp- 
tion lines were also observed, thus confirming the observation of 
Messrs Huggins and Miller. Another observation was made by 
Messrs. Stone and Carpenter on May 20, but to them the spec- 
trum did not differ from that of the previous day, 

MM. Wolf and Ilayet,' however, made an observation of the 
spectrum of this star on the same day. They recorded : — 

"The light of the uew bUt gives a oomplel*, very p»le apoctruni, on 
wbieh ftre seen a certaiu Dumber of brilliant bantU. Tba bright«et ui'l 
Urgeat of these bands appeared ia a coutiuued manner almost at the edge 
of the jellovr and the green. It ia preceded on the yellow side hy a 
rather dark space, then by a bright, but weak line. A third line, whioh 
seems to correspoud tn D, in eeeo in the yellow, pretty bright, and towaxijit 
the omnge. Then, Af[«r the bnghteat line towards tlie violet end, the 
gr«en U eeeu well marked, tlieu a darker space a little darker than we 
spoke of before, aiid another line aa bright as the prindpal band, "nie 
reat of the ipeclmm ia pale, with ill-defined edges, and with nothing 
marked about it that we cuutd diatiu^iah." 



' if. Aitron, Sof. MoilAly Tfolicu. toI, u 

> Bertiii J.tad. Jfaulfifl-., 1877, p. 2*3. 

> CimpUt Brndiu, toL bui, p. IIOS, 
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It is greatly to be regretted that the poaitiona of the lines 
■were not measured. Without these it is quite impossible to oon- 
neL't them with the other observations. It is remarkable that 
the line in the yellow, which may have been D or D', waa not 
recorded by any of the other observers. 

Messrs. Huggiua and Miller again observed the spectrum on 
May 21 and 23. On these dates the bright lines apj^eared more 
brilliant than on former occasiona, owing to the dimming of the 
continuous spectrum. On May 23 Mr. Stone again saw the 
four lines which he had observed previously, but on May 24 
and 23 and June 7 he was only able to see the F line. It was 
the opinion of both Mr. Stone and Mr. Carpenter that the 
bright lines and the continuous Bpectnim faded at the same 
rate. 

All these observations, with the exception of those by Wolf 
and Rayet, are shown on the accompanying map. 

There can be no question as to the origin of two of the lines — 
that in the red and that in the blue-green. They were 
undoubtedly due to hydrogen. The line near 501 was, in all 
probability, the same as that which was seen to brighten in 
Nova Cygni as the star faded. This was also suggested to Vogel 
in referring to his observations of Nova Cygni. There is other 
evidence to show that this waa identical with the chief line in 
the spectrum of the nebula?. 

The two lines in the blue present a little more difficulty. 
The more refrangible one near 468 may have been due to the 
carbon fluting, which, under certain conditions, has its maximum 
intensity about 468,' especially as Dr. Huggins stated that its 
" appearance suggested that it waa aither double or undefined." 
The one near 473 was probably the less refrangible edge of the 
same compound fluting of carbon. 

In some of the observations of comets (c.ij., Comet III, 1881, 
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on June 28) the blue band has been recorded with two maxima, 
one at 468 and the other at 474. This strengthens the view 
that the two lines seen in Nova Coronie may have had the same 
origin. In comets, the more refrangible one is the least defined, 
and tliia was also the case in the Nova. The two maxima were 
also seen subsequently in Kova Cygni, but in that ease the less 
refrangible one was only visible for a short time, I have very 
little doubt that both in comets and Novic the two maxima are 
dne to carbon. In the laboratory experiments (see ante, p. 149) 
in connection with this point photogi'aphs have been obtained, 
which show the compound group with u bright maximum of 
intensity about 468, at the same time leaving the least refran- 
gible maximum (474) fairly bright, and the two intermediate 
ones ranch weaker. It is not difficult to understand that under 
difficiUt eontUtions of observation such a group should be 
mapped as two lines, one corresponding to the maximum at 468 
and the other to that at 474. 

Whatever the oiigin of tlie two lines, the fact of their being 
common to comets and Nov;e is very significant. 

It is rather remarkable that in Nova Coronte the F line 
should remain visible for a longer time than the line near 500, 
because in Nova Cygni it died away first, leaving 500 very 
bright to the end. It must be remembered, however, that the 
later observations by Mr. Stone were made under very difficult 
. conditions. Tlie 500 line would also be more liable to be 
masked by continuous spectrum than the F line, so that the 
presence of a brighter continuous spectrum than in Nova Cygni 
may explain why F sliould be seen last in one case and 500 in 
the other. 

I have already pointed out that in Novie we have not simply 
to deal with one state of condensation of aswami. At least two 
Bwarms are concerned, and these are not necessarily of the same 
dei^ity. It therefore becomes interesting to attempt to re- 
produce the spectrum of a Nova by integrating the spectra of 
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two or more Bwarins of meteorites, each of which is at a stage 
of coadeoaation dilTerent from the others. Such an attempt \b 
shown in Fig. 56, where the spectra of Coggia'a comet and the 
planetary nebula G.C. 4373 are integrated. The comet at thb* 
stage allowed the carbon spectrum, the blue band having two 
tuitxima. In the resulting integration the green cometary 
bands are almost masked by continuous spectrum, whilst the 
blue one remains visible, exactly as it does in the bright-line 
stars,' Tlie nelnila line 495 was prolmbly too faint to be 
detected. The line 500 was also faint, and this and 495 were 
probably partly masked by the continuous spectrum, which 
would be slightly brighter in that part of the spectrum than at 
F. The continuous spectrum would be brightened by the 
collision of two swarms, and hence it is necessary to add con- 
tinuous spectrum in the integration. 

The magnitude of this Xova varied from 2 ou BXay to 9 on 
June 7, 



Woua Ct/gni. 1S76-77. 

Tliis star was discovered by Schmidt at Athens on Noveml)Li 
24, 1876. Its magnitude was then 3*0, and its colour a reddish- 
yellow. On December 5 the magnitude was .i9, and it steadily 
diminished in brightness, until on March 10 its magnitude was 
83. In 1882 Dr. Copeland found that it hud decreased to tlw 
I4th magnitude. 

The spectrum was observed on several occasions by Comu, 
Vogel, and C'opelaud. The earliest observations appear to have 
l>een made by M. Comu, who recognised bright linos on Decem- 
ber '2, but was uuable to make any measurcroenta. Two dayt» 
after, a more complete examination of the spectrum was made, 
and on this occasion the positions of the lines were measured. 
Eight lines were bright enough to be recorded, but no dark 
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lines were seen. He says,' " The dark line^, if they exist, must 
be very fine, and must have escaped me, on account of the very 
feeble light of the star." The following are the wave-lengths 
of the bright lines observed, the Greek letters indicating the 
relative intensities, a being the brightest : — 

a. i. y. B- :. V- • •- 

061 588 531 617 500 483 4.M 435 

The lines a, S, ij, and e were doubtless C, D, F, and G respec- 
tively, and M. Cornu points out that the remaining lines, with 
the exception of the one near X 500, are nearly coincident with 
the lines which occur most frequently in the spectrum of the 
solar chromosphere. The line y is reganled hy M, Conm as 
possibly coincident with the corona! line 5315'9. ^ he believed 
to correspond with the b lines of magnesium. He further 
states that — 

" The fefble line I correeponila also to a line, a — 447, oF the chromo- 
Rphere ; one is Ihiis led to lliink t)iat the line i correal Hioda iTAtlier to the 
bright liue of tlie chromosphere, X — 587 (hirliiimX than to that of sodium, 
r>8d. If this ioterpretatioii be accurate, the briglil lines of tlie spectrum 
of the star comprehend inclusiTely the brightest and moat frequeut lines 
of the chromosphere." 

In the diagram of the spectrum which accompanien M. 
Oomu's paper, there are sliown three maxima of lirightneBS 
which are not refen-eil to in his description. These have been 
reduced by a curve, and their wave-lengths found to be approxi- 
mately 54G. 563. and 035. These ^ree very well with lines 
ol)served hy Vnj^el. 

Vogel thus HUiuuiHrises the lines which he oltserved, 

II) The bydrtwen lines. Ha ) 

J ^ H^ 5 ceruiuly. 

H7, most probably. 
(2) A line of the wave-length 499 + 1 mas. This liue 
comes int" pi-etty clitse agreement with tlie brightest line of 

' Compla Sradm; ToL liliiii, p. ITl. 
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the nitrogou spectrum under onlinaiy pressure ; it is the same 
line which is brightest in the spectrum of the nebuhe. 
(3) A faint line at \ 580. 



jr 
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(4) A siinilar one at 467. (Tliis agrees pretty well witli ii 
group of Iine8 close together in the Bpectrum of air.) 

(6) There were also bright Hnea Been in the region of b antl 
K, but nothing certain could be ascertained about their position, 
At the first observ-ation on December 5, two lines were measured 
in the blue (474 and 470); these were again seen on December 
8, hut in later ob9er\'ations only the second was perceived na a 
faint band (X 467). 

For further information the maps must be referred to, for, 
lis V(^el states, they show several details which can hanlly W 
put into words. 

Vogel refers to Comu's observation, and states that he cannot 
agree that " the atmosphere of the star possesses exactly the 
same composition as that of the chromosphere of the sim." His 
chief objection to this view is that the line near 500, which is 
not in t)ie chromosphere, was distinctly seen along with other 
bright lines in the star's spectrum, and eventually became the 
strongest line. 

Dr. C'opeland' also made a large series of observations, but 
he was not able to commence before January 2, 1877. He 
continued his observations to Febniary 16, and recommenced 
on September 2. 

On January 2 five bright lines were recorded. The measure- 
ments show tliat two of these lines were the C and F lines of 
hydrogen. Two series of measurements were made, and for 
the other three lines the following wave-lengths were detei^ 
mined : — 



lit wria. 


2Dd Mrim. 


NotM. 


577-9 
602-4 
468 '4 


679 
606-1 

4eo-s 


Briiht b»Dd r>dinE npidlr on both ndM. 
Bright wel|.dcanMt line*. 
Flint bud. 



' Caprrmicwi, roL u, p. 103. 
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There can be little doubt that these correspond to the lines 
measured by Vogel at 580, 499, and 470 (some measures 467). 

On January 9 seven lines were measiired, and it was further 
stated that " the space hetweeu the red line (C) and the next 
one (D) was certainly columnar, and probably contained two 
maxima." These were probably identical with those seen by 
Vogel, and they have therefore been inserted in the map 
(Fig. 67). 

Dr. Copeland' gives as the adopted means of his observations 
lines at XX 656-2, 589-5, 577-5, 502-3, 486-1, 463-5, and 437-6. 

The star was not again observed until September 2, 1877 
(the estimated magnitude being 10-5), wlien the startling fact 
was at once apparent that the spectrum was restricted practi- 
cally to a single line. The measurements show that this was 
the line near 500. On September 6 it was observed that, in 
addition to the chief line, there were traces of one or two lines 
on the violet aide of the cliief line, hut very close to it. On 
this date it waa noted that the star did not give a sharp image, 
hut that the " extreme diameter could not be above 2 seconds 
or IJ seconds." On October 1 the star was examined with a 
view to detecting any very faint continuous spectrum, but 
nothing of the kind was visible. On October 10 Lord Lindsay 
noted that — 

" Since the last measures a decided change is to be seen, as the light I'a 
more sprpiid out| The mean brightness is still as before, but is diTisible 
into two lines very dose together with a dark gap, and then another verj' 
faint line." 

Measurements of the three lines gave W 499-5, 492-2, 491-8. 

The latter two " were too feeble and too near together to be 
efiectively measured separately." 

But, regarding this, Copeland remarks that — 

" The faint eitension of the apeotrum of this star towards the violet 
measured on October 10, 1877, was seen with so much difficulty that it 



' CopernicMi, toI. ii, p. 111. 
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a aay certain degi'ee iiiJicatitig the pre- 

Ou October 25, 1877, Vt^el succeeded in making another 
observation of the star's spectnim.' He says : — 

"The Bpectnim whb ivlmoBt monochromatic ; it coiiaifited of cue bright 
Hoc, on both sides of which a very faint coatinuoue sp«ctriun could be 

This was measured at wave-length 499. This observation 
was again confirmed on February 18, 1878. 

Copeland remarked : — ' 

" Bearing in mind the history of this star from the time of its discovery 
by Schmidt, it would seem certain that we have an instance before ue in 
which a star has changed into a planetary nebula of itmall angular 
diameter," 

and again," 

" It seems, therefore, not unreasonable to assume that in llie cfise of a 
(ilanetury nebula, the whole light of which did not equal the light of a 
loth magnitude star, the spectrum might be reduced to a single line, and 
that this line would then he the one of which the wave-leugth may be 
Uken at 500-4." 

Hence we see that on and after September 3, 1877, the only 
lino seen with certainty was the line near 50(1, which had 
gradually increased in brightness since the first observation 
made on December 5, 1876, All the important spectroscopic 
observations of Nova Cygni are shown in Fig. 58. It is evident 
that the hydrogen lines were seen by all the observers, and, 
notwithstanding the slightly divergent measures, they have all 
lieen inserted in their proper places. This also applies to the 
line near 600. The yellow line we now know must have 
been D*, and there is also no doubt about 4472. There is a 
little more difficulty with the lines in the blue, as Comn and 
Lohse differ from Vogel and Copeland. Cornu measured a blue 

■ Btrlin Atad. MonattUr., 1B76, p. 302. 
» All. JfocA., No. 2158. 
' Copemiaii, yd. u, p. US. 
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line at 451 ; Lohse's is approximately estimated at 462, while 
Vogel measured a line at the mean place 467. Copeknd mea- 
sured the Hue aa 463'5, but he ia evidently of opinion that 
Vogel's wave-length is the more correct, on the ground that it 
ngrees with one of the bright bands in the spectra of the bright- 
liue stare iji Cygnus. No accurate measures were made of the 
groups of lines in the green indicated in Vogel's map. and the 
positions of these have been estimated by reference to those 
stated to be near 514, 527, and 508. 

Secchi also made some observations of the spectrum,' and he 
waa of opinion that one of the bright lines coincided with 
hydrogen, one with magnesium {b), and a third witli sodium 
(D). Referring to this, Vogel says somewhat too hastily : — J 

" In this he is certaitil; mistaken, for on January R tbe lines in the 
neighbourhood of the niagne«i<iiu group were quiU faint, anU at D there 
was not A single bright line to be seen. The bright lines which he 
noticed LaJ the wave-lengths 500 and 580 mta., and were pretty far 
distant from the sodiam and magnesium tines." 

It will be noticed that Secchi's observation agrees to a large 
extent with that of Comn, which has been justified by subse- 
quent work. 

With regard to the origins of the Hues, we have firet un- 
<]uestionably some of the bright lines of hydrogen and of 
helium. These gradually dimmed aa tbe star diminished in 
brightness. Again, there was a line near X 500, apparently 
ooincident with the chief line in the spectra of the nebuhe, 
which brightened as the other lines faded. 

The next in order of importance is, perhaps, the line or bond 
in the blue between F and G, which Vogel at first saw double 
(470 and 474), and afterwards single, with a mean wave-length 
of 467. Copeland described it as a " faint band," and gave its 
mean position aa 463-5. It is more than likely that this waa 
the compound fluting of carbon in the blue, aeen at first with 

> All. Xaek., No. SIlO. 
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L Corona 



Comet III, 1881. etc. 
maximum at 468. This baml 



) maxima, as 
and afterwards v 
agrees in position with the bright band seen in the spectra of 
bright-line stars (e.^., Wolf and Eayet'e stars in Cygnus, Sw? 
aiUe, p. 149). 

Vogel also refers to this relation. The two maxima first 
seen, however, were not recognised by Vogel as being the sam*.- 
as those observed in Nova Corouie, although he pointed out 
that the green line 500 was common to the two as well as tin- 
hydrogen lines, In Nova Coronie there were simply thv 
brightest lines which were afterwards seen in Nova Cygni. 

Another important line is the one at 579, about which there 
is no disagreement between Copeland and Vogel. Tliis is un- 
doubtedly the same line which is seen in the bright line stars 
in Cygnus, as pointed out by Copeland, and I have previously" 
ascribed it to an iron line which ia seen brightest in the flame 
spectrum.' 

One of the lines in the green is probably also an iron line. 
527, the next in intensity to the line at 579. This died out in 
the Nova before the line 579, and this ia what should happen, for 
in the laboratory 579 is seen without 627 in the coolest part ot 
the flame. The three lines or bauds near 564, 552, and 546, 
are quite familiar in cometary spectra. The first two of them 
are probably the 1st and 3rd members of the citron carbon 
fluting, the intermediate one being masked, as in Coggia's 
comet on June 13, 1874.' The one at 546 is the fluting due tu 
lead, which has frequently been recorded in cometary spectra. 

The two bands shown in Vogel's map, at wave-lengths 513 
and 517, are probably also carbon bands seen in comets. The 
less refrangible one is the brighter, exactly as it was in Co^ia's 
comet, on the occasion just refen-ed to. 

On December 5, 8, and 14, Vogel recorded four faint lines 

' Proe. Sof. Soc., toI. iUt, p. 33. 
■ Ihid., Tol. zir, p. 17G. 
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between F and the line 500. Oue of tliese is doubtlesa the 
uebula liite 495; the two between this aiid F are probabl}' 
iilenttcal with two ahown in my photograph of the spectrum of 
the nebula in Orion.' Tlie other Uoe has not been identifiec!. 

Another tine of considerable interest is that observed hy 
Vijgel and Cornu, near X 531, i,e., near the corona line. In 
Vogel's observations, the line ia alwaya associated with the iron 
lines E and 519, and as great accuracy is not claimed for the 
lueosures, it is quite possible tliat it ia simply the third brightest 
llame line of iron at 5327. In the map it ia represented aa 
t>eing fainter than 527, and this is quite consistent with this 
origin. Cornu represents the line without E or 579, and sug- 
gests that it is identical with the corona line. 

Tlie line near 635, recorded by three observers, ia no doubt 
the same as that seen in the spectra of the bright line atara of 
Cygnus. No terrestrial equivalent has yet be«n found, but a 
line in this position is seen in the spectrum of the Limerick 
meteorite. 

It is thua seen that practically all the lines and bands in 
Nova Cygni can be explained by reference to laboratory work. 

It ia extremely interesting to attempt to build up the spec- 
trum on any given date by iut«grating the spectra of comets 
and nebuIiB, or nebulie and bright-line stars, which we have 
reason to believe to be swarms of meteorites. Some of these 
integrations are ahown in the diagrams (Figs. 59, dO, CI). As 
in Novie we have to deal with collisions of swarms of meteorites 
of different densities, in such integrations it is necessary to 
take awarms of different degrees of condensation. 

The first integration shown (Fig. 59) is for the apectnim of 
December 8, as obsen'ed by Yogel. In this case the spectrum 
is reproduced almost line for line by adding togetlier the spectra 
of a nebula, Coggia's Comet (June 13, 1874), and the Cirest 
Comet of 1882 at perihelion (brightest lines only). The only 



■ Proe. Roy. I 



., Tul. ilTiii, p. 900. 
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lines oE iraportauce which are in the Nova ami not in the inte- 
gration are C and s. line near 635, and we know that these are 
asaociated with the spectra of meteor-swarma ; C occurs in 7 
Cassiopeia and )9 Lyne, and the line at 635 occurs in tlie bright- 
line stars in Cygnus. This integration strengthens the view 
that Nova Cygni was produced by the eollision of swarms of 
different densities. In such a case, there would first be tho 
collisions between the two sets of outliers, then the denser 
part of the smaller swai^n would enter the outliers of the 
larger, and finally the densest parts of both swarms wonld 
come together ; so that, in this way the resulting temperature 
effects may be very complicated. 

The spectrum of the Nova on a later date, January 27, 1877, 
is considerably simpler than that of December 8, and may be 
almost perfectly reproduced by integrating the spectrum of a 
planetary nebula and that of 7 Ai^fts {Fig. 69). All the lines 
in the Nova on this date ai'e shown in the integration, with the 
exception of the C line. The integration, however, in this case 
shows the lines at 495 and 568, which were not recorded in the 
Nova ; but their absence was probably only due to difBculties 
of observation. The line at 495 is excessively faint in some 
nebulae. 

The apectrum of the Nova on March 2 was still simpler than 
on former days, and can be fairly reproduced by adding together 
the spectrum of the bright-line star, Lalande 13,412, and that 
of a planetaiy nebula which shows only the chief line of the 
nebulaj. This is shown in Fig. 70. The temperature in this 
case is obviously very much lower. We get only the lowest 
temperature line of iron at 579, of magnesiiun 500, the F line 
of hydrogen, and a slight indication of carbon. The absence 
from the Nova of the line near 540 is probably also due to 
difficulties of observation. 

It will thus be seen that the complete discussion of Nova 
Cygni generally bears out the statement I ventured to make 
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after the preluninarj inquiry in November, 1887, viz. : " This 
Btar passed through all the changes of temperature represented 
by stars with bright lines, comets, and nebuLe," 

The magnitude of this star varied from 3 on November 24, 
1876, to llj on February 18, 1878.> 



Nova Andromtdm, 1885. 

The spectrum of Nova AnJromedie was first examined by 
Dr. Copeland on September 1, 1885, when it was found to be* 
" continuous from end to end, and only on close examination 
could slight condensations, indicative of bright lines, bo de- 
tected. The spectrum was not considered to differ strikingly 
from that of the nebula." At this time the star was " yellowish " 
in colour, on September 3 it waa " full yellow." A close spec- 
troscopic examination, however, was not possible until Septetu- 
l>er 10, when Dr. Copeland wrote : — 

" With the unmagnified diBpetwon of a direct-vision Vogol Hpectrosonpe 
the flpectrum extended from W.L. 670 mnmi. to 4S3 mmm., or, frem 
between B anc) C to half-way betweeu F and G. When ibe specLnim 
wna sufficiently narrow all the colours were visible, with a suBpiciou of 
brighter points in ihe lin«. An attempt wa« made to measure these witlt 
the Onibb spectroscope and a flint priam of only 40' refracting anglw. 
aeutol change cnt down the spectrum to the limits of 600 mmni. 
and 406 mmni., with a maximiim at S44'41 mmm., and a suspicion of a 
bright line, but hardly more at 4822 mmm. With the.ume apparatus 
the H[>ectruni appeared qnite aonlintunu on September 11, but again 
showed traces of bands on the I3tb, and was slightly bajided on the l&th. 
TracM of a condensation of light were seen at W.L. 47111 mmm. on 
September 30." 

Using a special acute priam of only 15** angle, it was noted ; 
" Only traces of two brighter points towards the yellow end of 
the spectrum could be made out on September 30, the rest tit' 
the spectrum appearing absolutely continuous."' ()u October 1, 



' All. A«*-. lol. l»«ii, 1877, p. 42. Berl^m Akad. iloma 
* Mouihty Satin*, S. A. B., toL xlvii, p. 60. 
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these two lines aad aDOther fainter one vere measared, the 
mean wave-lengths being as follows, 5468, 514*0, 489'2. 

Br. Copeland thought that some of the discoidances of the 
measures were due to the indeterminateness of the objects 
measured, and noted that, making due allowance for this un- 
certuntT, it seems' probable that the three " bright " bands are 
identical with the three brightest bands afterwords measured 
with the same apparatus in Mr. Gore's Nina Ononis, of which 
the brightest parts were at wave-lengths 542'8, 5I6'2, and 
494-4I The trace of a condensation of light at W.L. 471-6, 
seen on September 20. agrees well with the bright line in Nova 
Ononis at W.L. 4T2'2 ; while the maximum of light in Nova 
Andromeiie at 544-4, on September 10, is closely in accord with 
that for the star iu Orion at 542-S. The onlv really discordant 
item is the point laid down at 4S2-2 on September 10, which 
does not convs]x>nd to any known bright band in the spectra of 
variable stars ; it was, howe\-er, entered in the note book . . . 
as * a suspicion of a bright line, but hardly mote;.'' But if it 
does roughly rvpiesent the p>.>siuon of a * bright " line actually 
viable iu the speotn£»>|v. one would feel inclined to lesard it 
as a trace of the F line. On iVtoNsr '2. the spectrum presented 
the strw apivarau«.v as on the pivoeJtng diy. On October 19, 
it «»uld t« still iK^etl as i.vnunui>us. bn; not unifomi, with the 
Vv^l spft.■^^v^i»^>^v> !>- Cv»ivl*nd ivmarks (p. 55^ : — 

' AhkK<«j^ tt* f.«^^■«BS *«•«'«• iiSw "-xWr tnm tbow dbtMiwd at 
VtrNAWKti M?^ Aia^^ M \*it 0.0^ * ^«^-lt vC: St ^tva laluMiBeBtlTl, 
■■MN^M^ lh< titiv* x-ki«t UvMit tW .4<iiHVK OKaaM d.-«b( ks to tbnr 
j:««««tit vVinwi^MOB. .... |)w»iw^ ix tbf .-sow ,,'< «s <obj«ct lod^ an 

(«ttiM«w »^ f«<tV> >)>** tW nw«<w * » » -it At Urn Vmv tt dw A^ v jwa 

Vop i Mi i iNt K- AkK-v tteM^f;^ ^ svaMwMtM If I ap— i^M^it bf lb wWtr 
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On September 1. Professor Vt^el obBsned the spectrum and 
noted that the red and yellow were bright and the green faint. 
He also found dark Hues or bands, one between the yellow and 
green, and another between F and G.' 

Dr. Huggins communicated his obser^-ations of Nova Andro- 
medffi to the OhaeTvalory for October, 1885. They are as 
follows : — 

"The starwasobwrved here firat (in the Dight of tlie 3rd iiiBtant. It 
presenteil the Appearance of au onvn go -coloured alar of from the Sth tu 
the 9th magnitude. With a spt>ctn«cu|ie of low dispersive power, a con- 
tinuous Epectnim was aeen from about C in the red t^ a little beyoud V. 
There was an apparent condeusation of light from about O to b, which 
might be ilue to bright tines in tliut part of the s|iectrum. This siipjHwi- 
tioti was streogtlieiied by the employment of a more powerful s|>ectn>- 
•cope, but I wan not able to be ceitain on this point. 

" On the night of the 9th itiatant, the star, which was then ilistinctly 
<>U one side of the principal |)oint of condensation in the nebula, appeareii 
to me to have a leiu decided orange tint. It presented a similar appear- 
ance in the epuctroscope, with the exception that the light was \em Btronj; 
about D. 1 was, so far, conArmed in mjr suspicion of bright lines, that I 
have little doubt that from three to Ave bright lines were present betweeii 
D and 6." 

On September 4, Mr. Maunder noted that — * 

"The stargave a perfectly continuous Bpeetrum, in which no lines, either 
bright or dark, could be detected. The red, orange, and violet were very 
fiunt, or altogetlier wauling, the spectrum beiuf; traceable from atnut I> 



' "Die Beobschtungen am 1. and i. Beplember iiber don Stem iii Xebol 
ergeben, diu* denelbe such bei ttXrkerar TerK>*0*»erung (5fi0 (.) TullkaniuHii 
■ternartig blfibl, i>nd dau do* Bpoctrum conlinuirlich iit. Die InteniitiUeii 
An Parbcn iiu Spectrum wheinen etwos abweicliend von dfo gewohnlichrn 
8lrm>|>ectrca lu <ein, indrm Kolli uud Qelb betouden dark herrortnlni, 
Qrlln sbcT Terhillniunift9»ig Mhnach iit. An drr On-Dxe dtw 0«lb und Oriin 
liabc icfa cine dunUe verwaschrae Bando •ermulliel, einc meito ebrnwlFhe im 
BUu iwisohen F und O. Jm Fall der Stem nocli heller werden •ollto, denki* 
ich Sicberheit iiber weil«res Detail, welches icb im Sperlruni venuuthrle, iii 
I. Ich benicrke docIi dsM der Andniinnla.Nebel coDtinuirlichrs 
I flpectrutn giebt und da«t dcr Kem Art XcbeU h. Bl ein Sprctrum icigt, i 



entalandcnen Slcnx ii 



I mil dem de* n 

{Ati. yark.. No. aesi.) 

* XomlU, yolii**. «. A. S., Tol. iKi, p. 19. 
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to F, but being scarcely discernible beyond those limits. The spectrum 
of the star resembled that of the nebula precisely, except, of course, that 
it was brighter, and probably in consequence of this ^eater brightnes.", 
was traceable a little further in both directions.^ 

Konkoly, writing on September 5, noted that he observed 
the spectrum of Nova Andromedoe on tbe previous day.^ In 
his words : — 

" yesterday, when I examined the star, it seemed of a reddish-yellow 
colour and very faint. I estimated its diameter at, at least, two seconds ; 
it appeared as a nebulous star. Its sp>ectrum was unexpectedly faint, so 
that it was impossible to use a cylindrical lens. The edges of the spectrum 
seemed to be enveloped in a coloured mist It gives the impression of 
bright fields on a dark ground, and in the red, yellow, green, and blue a 
broad band is seen. If this be the case, these broad bright regions would 
correspond to the liydrogen lines C, F, as well as D', and at an enormously 
high pressure. A similar broad field is also seen in the green, which 
certainly cannot belong t^ the group named. I should be inclined to class 
the spectrum with Type III6, and Professor Hitter coincides in this view. 

" It must not be overlooked that the violet part is absent in the spec- 
trum ; and shortly behind the region of F the spectrum is just as if cut 
oTflf. This observation was confirmed by Dr. v. Kovesligethy.*' 

Mr. 0. T. Sherman, of Yale College Observatory, also made 
some observations.' 

Some observations of the Nova were made by Dr. Lolise with 
the 15*5-inch Cooke refractor, at Mr. Wigglesworth's Obser- 
vatory.* 

On September 3 it was noted, — 

"The spectrum is continuous, no lines could be distinguished in it 
with the Browning and Maclean si>ectroscopes. The bright C line was 
very well seen in 7 Cassiopeia?." 

The late Rev. S. J. PeiTy recorded : — * 

" The Nova in Andromeda has been observed at Stonyhurst on everv 
favourable occasion from September 13 to November 8. On September 



^ For obserrations in detail, see my paper p. 427. 

2 Ast. Nach., No. 2681. 

» Ibid,, No. 2691. 

* Monthly Notices, B, A. S., vol. xlvi, p. 299. 

» Ibid., p. 22. 
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13, tlie Bpeqtnim wag found to be coDtinuous, but the red end was nbsent, 
anil there was a. decided maximum in the green. A bright banil in th? 
greeu was sU8|tecte<I, but not clearly aeeu. The spectroscope waa carefully 
focusseiJ <ia the lines in the apectnim of Andromedic, which were well 
seen, before being turned on tlie nelmU of Audromeda. On October 9 
the spectrum wm atill brightest in the greeu." 

The following table brings some of these observations together' 
for reference : — 



18S5. 
Sept. 10 

= EI 

,. 80 
Oct, I 
.. 8 


Ob.!rtoc 
CupcUnd' . 
Sheniiftri ' . 
CopeUnd.. 


471-0 


482 
■4S6 

48i) 
4^ 


617 

Gi; 

617 


627 J3G 
6327 


644 

648 

54fl 
5*« 
646 


651-5IW 


Saggeil«d origin! 


C 
46S^74 


H 
*SH(F) 


C , F^ 
617 r.37 


Ph 
646 


Mi. 

&a8 



I IJiiht IsM atning »bout V. 

' "Quite continuoui." 

' Spectrum (harplj terminated about D. 

From the foregoing it will bo evident that the observations 
were extremely diHicull Uiroughout, owing partly to thu dim- 
ness of the star, and partly Ut llie characU-T of tiie spectnmi. 
It must also be pointed out that the spectrum obsen~ed was thi- 
integrateil effect of the spectnim of the Nova and the spectniiti 
of thu nebula itself, the nature of which I [>ointed out iu 1883.* 
Even the observation of the spectrum of the nebula is one of 
considerable difficulty, especially when the sky is at all hmy. 
It then appears simply as a faint continuous band of light, but 
when the sky is clear it is seen to have at least three maxims. 
It is evident from tlie observations of the Nova, thai on srime 
occasions tlie bands tn the spectrum of the nebula were observed 

' A oomplete liit of all obMrralMoa i* giren in m; complete paper, p. 430. 
* Prw0. Bof. Soe., loL str, p. S16. 
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in addition to those special to the Nova, whilst on others they 
were not. This appears to have heen especially the case in the 
later ohservationa when the Nova had heconie dim, and this is, 
of course, what would be expected. 
I wrote in 1888 :— » 

" We have seen that soioe planetary nebula, give the same spectrum as 
a comet at ajihelion. It appeared that if the Nebula of Amiromeda were 
further advanced than a. planetary nebula ill condensation, it should give 
a g{>ectrum approximating to one of the more advanced cometary stages 
which have been already diaciissed. 

"TliB apectnim of this nehula has hitherto been regarded as a perfectly 
continuous one, but the obaervationa referred to show that there are BOme 
partB brighter than others. The spectrum la almost entirely wanting in 
red and yellow light. 

" In the greeu there are t-^a nianima, the brightest of which in at 
wave-length 517, as near as could be determined with the wide slit which 
it wnn becessary to employ, the other maiinium is near 546. One of the 
observers, Mr. Fowler, made aii independent measurcB of the maxima on 
November 20, and got very nearly the same result each time, cgmparison 
being made with the spectrum of a Bunsen, and the spectrum of chloride of 
lead at the temperature of the Bunsen, The meaaureraenta were repeated 
on November 27 with the same result, and on this occasion they were 
continued by another oliserver, Mr. Coppen. Another brightness near 
474, as determined by comparison with tlie Bunsen burner, was also sas- 
pected, but it was not so easy to meaaure as the others. 

" My suggestiun as to the origin of this spectrum is that it is the inte- 
gration of very slight continuous spectrum, carbon fluting radiation, and 
the absorption of manganese (55f<) and lead (546). The citron band of 
' cirbon masks, and is masked, by the manganese fluting, and the absorp- 
tion fluting of lead causes, by contrast, the apjiarent brightness at 546. 
The brightest maximum is no doubt the brightest fluting of carbon at 517, 
and the one in the blue, which was suspected, is ]}robably the blue carbon 
group 468-474. 

"If these observations are confirmed, this nebula is at present at the 
same stage of condensation as Comet I, 1868, on April 29 (P.P., April 20J, 
which must be I'eganled as a prelty advanced cometaiy stage, seeing that 
it was observed so near perihelion and that the perihelion distance was 

" The discuasioii of the obeervationa of Nova Andromedie, which is not 
yet completed, shows that there were bright lines in exactly the same 

I Froc. Boy. Soc., to!. llv, p. ^15. 
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positions SB the brightiiesaes which have now been detennined in the 
uucleus (if the nebula. Die appearance of the Nova was, therefore, pro- 
bably iltie to increased tentperatnre.ilue to collisions ttiLiug place betwewi 
tlie spAreer outliura of the Hwann conipoaiiig the nebuln aud an external 
ewanu which came in contact with them. The view of th« Nova's 
couuecUon with the nebula is, therefore, greatly HtrenKtheDed by this 
ioquiry." 

These observations lave since been confirmed by Mr. Taylor,' 
who observed two brightnesses at 5174 and 547'3, and sus- 
pected one in the blue. 

The only lines seen in the Nova, which are not seen in thi; 
nebtila, are F, 531 and 558, with, pei-hapa, D' and C. Th'.^ 
spectrum of the nebula shows manganese 558, and lead 54lj 
absorption, masking the carbon at 564, and making it appear at 
546, The Nova spectrum added manganese radiation 558. 
The line near 530 1 have taken as E {527}, the lower tempera- 
lure line of iron at 579 not being visible on account of th« 
greater brightness of the continuous spectrum in that region. 
The hydrogen lines C and F were probably due to collisions of 
the outliers of the two swarms. Mr. Sherman' recorded F n» a 
line in the nebula, whilst Mr. Maunder noted that the line at 
o48 could be traced over or near the nucleus of the nebula, thus, 
to a certain extent, confirming the Kensington observations. 
There is also evidence in the observations to show that the con- 
tinuous spectrum fluctuated in relative brightness during the 
visibility of the Nova, The efTect of a briglilening of the con- 
tinuous spectrum would be to mask the faint lines in tlie greeu 
or yellow whilst affecting but little any that migh^' occur in the 
blue. Lohse's observation of a " faint part, midway between F 
and G," in the absence of other lines, is a caaei in point. It is 
not unlikely that this was really the blue carbon band which ii 
seen in the nebula ilself, although its position was only roughly 
estimated. 
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Again, on September 20, Dr. Copeland observed traces of a 
condensation oF light at wave-length 471'6, and this also was 
probably the blue carbon band of the nebida, other lines being 
masked by the brighter continuous spectrum. On other ocpji- 
siona, not even the faint blue band was seen, the spectrum being 
recorded as quite continuous. 

As tlie brighter continuous spectrum due to the Nova gradually 
dimmed, the bands of the nebula in the green became more 
prominent. 

It is thus seen that although there dues not appeiir to have 
been a r^ular sequence of events in the spectrum of Nova 
AndromediB, aa far as the actual observations go, it is probably 
due to difBculties of observation, and to the fact that the 
epectrum of the Novo was superposed upon that of the nebula. ■ 

The apparent variations from day to day are possibly not all 
real, and it is hopeless to attempt to explain them all by refer- 
ence to the effects of a gradual fall of temperature. The etai" 
only diminished about two magnitudes during the period in 
which spectroscopic observations were made, and hence the 
change of temperatiire would not be so great as in Nova Cygni, 
and consequently the variations of spectrum would not be so 
evident. 

No lines or bands were recorded in the spectrum with which 
we are not familiar in otlier bodies. 

The line at A. 546, which was seen in the spectrum of the 
Nova, was midoubtedly the maximum of light, probably due to 
lead, which is seen in the nebula itself. This is also the prob- 
able explanation of the otlier lines near X 517 and \ 473, the 
latter being only observed on one occasion. The additional 
lines due to the collisions, which produced the Nova, were, 
therefore, F. 5327 and 558, if we neglect Konkoly'a doubtful 
observ'ation of C and D". The appearance of the hydrogen line 
F is exactly what would be expected from what we know of ita 
Appearance in such stars as Mira, when, by additional collisions 




21G THE SUN'S PLACE IN NATURE. [cbaj-. 

due to the periastroii passage of a revolviug swarm, the star 
reaches a maximum. The line near X 51^8, seen hy Maunder 
and Sherman, was in all probability due to the brightest man- 
ganese fluting at the same wave-length, which is very frequently 
recorded in cometary and other spectra. This, and tlie line 
5327, wliich was most likely the iron line E (X. 526^) were 
probably produced by local colUsiona in the denser parts o£ the 
swarm 

Fig. 62 will show how the spectrum of the Nova, as seen by 
Copeland, on October 1 and Octolrer 2, can be reproduced by 
adding tlie ajiectrum of hydrogen to that of the Andromeda 
nebula. The third liand of the nebula was nut seen, but this ia 
always most difficult to observe. At this time, then, the only 
line special to the Nova was F, and this, it will be remembered, 
was seen last in Nova Coronre. 

The star when first seen on August 19, ISSTi, at Belfast by 
Mr. Ward, was of the ninth magnitude ; it decreased to 
thirteentli magnitude by Febi'uary, 188G. 

The Sequence of Phenomena in the Spectua of Nov^ 

Sequencf of Spectra. 

If tiie appearance of a new star be due to the collision of twn 
meteor swarms as I have suggested, it is nbvious that tlie 
spectmscopic changes should follow the same order as those 
observed in the spectrum of a comet during its passage from 
perihelion to aphelion, wheu differences of observing conditions, 
and the relative physical conditions of the two swarius which 
produce a Nova, are duly allowed for. 

The following map (Fig. 63) shows the theoretical sequence 
from this point of view, commencing in the first horizon with 
one swarm sufficiently sparse to give only the bright lines of 
hydrt^n and Hutiugs of carbon, and the other sufficiently 
dense to give dark D and b and the flutings of lead, manganese. 
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examiiieLl, have shown the complete sequeuce of ohannes indi- 
cated in the map, but Nova Cygni passed through most of 
them. 

As the Nova decreases in temperature, and, therefore, in 
light, the line absorption disappears and the metallic tlutinp 
ahsorption decreases in intensity. Carbon radiation, and the 
hj-drc^en lines, C, F, and G, remain about the s-oine as 
before horizon (2). 

The next stage (3) brings us to a condition represented by a 
swarm of Species 3, Group IT.' Tlie manganese and lead 
absorption at 553 and 546 respectively, are now overpowered 
by the carbon radiation at 564, whilst the absorption of the 
second manganese fluting at 586 is still apparent. Tlie hydro- 
gen lines, C, F, and G, remain almost as before. 

On the following horizon (4) is represented the radiation of 
lines and flutings. The manganese and lead radiations are 
visible. The brightest iron and magnesium lines are seen ; also 
sodium, D, and the line at 495, whilst the brightest edge of the 
magnesium fluting at 500 is just visible. This was a condition 
observed by Vogel in Nova Cygni, on December 8, 1870. It 
was also observed in the Great Comet of 1882, when near 
perihelion. 

The condition following this (5) is that in which lead und 
manganese radiation have disappeared ; the three carbon fliilings 
are well seen, C, F, and G are rather fainter, but the fluting at 
500 appears brighter. The 495 line and the iron line 579 are 
still seen, the other iron lines in the green being masked by 
the brightness of the contuiuous spectnma. This condition was 
approached in Nova Cygni on Febniary 2. 

On the following horizon (6) the 564 carbon fluting is not 
visible, and the 517 fluting appears almost as a hue. The iron 
lines, 579 and E, are now visible in consequence of the fading 
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of the coQtinuoue apectnun. The hydrogen lines are still visible, 
whilst I> has disappeared. The two magnesium Outings, 5210 
and 600, are each represented, the latter being the brighter. 
This stage in the sequence was observed in Xova Cygni on 
February 2; and the brightest of the lines ui Nova Coronte, 
May 19. All the lines have been recorded in the spectnim of 
thi! nebula in Orion. 

Both the carbon flutings, 517 and 564, now disappear (7), 
having become so pale that they are masked by the continuous 
spectrum, whilst the 468 maximum of the carbon fluting is 
visible, because the continuous spectrum does not reach it. F is 
the only remaining hydrogen line, and 579 the remaining iron 
line, this being the line visible at the lowest temperature. 496 
is rather fainter, whilst 500 has iucreasetl in brightness. Thia 
stage was observed in Nova Cygni on March 2, 1877. The 474 
carbon is the next to disappear, and three lines only are leit : — 
F, 495, and 500 (8). Tlie nebula G.C. 4373 and many otheia 
give this spectrum. No observations of Nova Cygni were made 
between March and September, 1877, and it is between these 
dates that this stage would have occurred. 

With regard to horizon (0), the nebula G.C. 2343 and many 
others give a spectrum consisting of two lines, 495 and 500, and 
l^rd Lindsay observed in Nova Cygni, on October 10, 1877, a 
line at 492 (as well as the line at 500), which was most prob- 
ably the nebula line at 495. 

The last stage in the sequence is when the 500 Anting 
remains alone (lOj. This was observed in Nova Cygni by 
Vogel and by Copeland ; it is the only line In tlie G.C. 4403, 
and, as I have shown in ihe apjiendix to the Ilakerian Lecture, 
it is the characteristic line of comets when at a great distance 
from the Sun, and was observed by Dr. Huggins in I86t> and 



It should be remarked that this is only one hypothetical case 
of a Nova, and that there may be considerable variations from 
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it, accorduig to the initial conditions of tlie two awarms wliicli 
pntJuce the Nova by collisions. Thus, in the case of Kova 
Andromedte, one of the awarms already existed as a nebula and 
the ccllision with the other swarm only sufficed to bring out a 
few more lines, includihg the F line of hydrc^eiL Here, then, 
the initial spectrum would be different, and the subsequent 
changes would not take place in exactly the same order. Tlie 
integrations which have been given, however, show that it is 
]H>s3ihle in any of the Novre which have yet been spectroscopic- 
ally observed to get a good idea of the states of disturbance of 
the two swarms after the first collision. 

It is important to compare this sequence with that whicli I 
have already given for comets,^ for, though the conditiona are 
different, there will be a certain siuiilaiity, since both have to 
be regarded as meteor awarms. On the first three horizons of 
the Nova sequence we have mixed radiation and absorption 
phenomena ; this also occurs in comets, though the difference in 
tiie brightness of the continuous spectrum does not make it so 
obvious. On the fouith horizon of the Nova sequence we have 
carbon, manganese, and lead radiations, which also occur in 
comets ; but, in addition, there are lines of hydrogen and othei' 
substances due to the compound character of the swarm. 
Finally, both Novffi and comets give one line, the chief line of 
the nebulffi, which is probably due to magnesium. It will be 
seen that the spectra of Novib are, in general, more complex 
than those of comets, which result from the collision of tw<j 
swarms of different densities. 

VariatioTia in Magniivdes. 

In each case where the spectra of new stars liave been 
observed the evidence tends to show tliat the star was hottest 
at the first observation ; the absorption lines giving way to 



' Pne. Soy. Soe., vol. ilr, p. lOOj 3te(eoritic ffypotkeiii, p. 211. 
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bright lilies in Nova Coronje, the brightest lines fading away 
one by one in Nova Cygni, and the carbon becoming more 
manifest in Nova Aadromedte, aU go to show a diminution in 
the teroperatiu^ of the star after the first observation. Indeed, 
in only one case, that of Nova Andromed-ne, have I been able to 
find any evidence of a new star increasing in brightness after its 
discovery. Assuming that the Nova was pliysically connected 
with the nebula, this increase of brightness is exactly what 
would be expected from a consideration of the beautiful photo- 
graph obtained by Mr. Koberts, which shows that the nebula is 
really a spiral system. We have only to suppose the incoming 
awarm to pass from the outside to the inside of one of the 
spirals — a region of gradually increasing density — to give the 
required explanation. 

It is very probable that a Nova would be overlooked until 
transcendentally bright, and the observations of the magnitudes 
of Novte show tliat sueli has been the case. It ia, however. 
essential to my theory that the increase in temperature and in 
luminosity shall be much more suddi-n than the decrease. 




Fio. 65.— TLe light curve of Nora Coronie. 



The first observations of Nova Coronie, which showed the 
same absorption lines as a Ononis, indicate a comparatively 
high temperatui-e, and it also was a Nova that fljiahed out very 
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saddenly. M. Courbebaisse and Mr. Baxandall* held that the 
Xova could not have been conspicaous two days before its 
discovery, and were confident it was not visible three days 
before. Many other observers sapport this statement Hence 
it is evident that in these cases we are dealing with the 
collisions of two rather condensed swarins of meteorites, the 
consequent temperature being high and the increase in light 
sudden. In Xova Andromeda, where the increase in luminosity 
was not so sudden, the temperature was not nearly so high. In 
this case we had most probably to deal with the collision of two 
swarms not nearly so disturbed as in Xova Coronae ; perhaps a 
slightly condensed swarm passing through the Andromeda 
nebula, in which case the increase in temperature would be 
more gradual and com^iaratively smalL 

Xova Cygni decreasetl in magnitude in a very similar manner 
to Tycho Brahe's Xova, dimming very suddenly at first, and 
more slowly later on. In three months the Xova fell from the 
3rd to the 8th magnitude, and then the fall from 8 to 11 took 
twelve months. The brightness of this Xova, as well as its 
long period of \'isibility afibnied the opportunity for many 
obserx-ations of its sj^ectrum, the result being that the sequence 
of phem»mena, iis far as it goes, is much more complete in it 
than in any other X'oA-a, which brings us to the conclusion that 
other Xov;t would have given a more complete sequence if more 
spectroscopic obser\*aiions could have been made. 
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CHAPTER XIII.— NOVA AUKIG^ 



The First Glimpses. 

Aal said at the commencenieiit of tlie last chapter, the dia- 
cussion there given was based upon a paper communicated to 
the Royal Society in 1891. 

Fortunately for science, another new star appeared in 1892 ; 
it was known aa Nova Aurigaj. and two photographs will give 
us an idea of the sort of thing which an astronomer sees in the 
heavens when the discovery of a new star ia announced. The 
photographs show a portion of the constellation of Auriga, and 
a star which ia very clearly seen in the photograph taken very 
soon after this star had bur;t upon us. is absent from one taken 
a few UK.intlis later. 




Yta. 67. — Ih« region in Un beftfcni ithtn Not« Auriga <ru otwerred (1) »ft«r 
itt diuppeuuict ; (3) wbea brightlj viiibla (lutkH; in Uia eoatrr). 
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It will have been gathered from the previous chapter that 
since the spectroscope was first applied to the stars, three new 
stars had been observed and apectroscopically examined. One 
appeared in Corona Borealis in 1866, one in Cygniis in 1876, 
and one in Andromeda in 1885 ; then came one in Auriga in 
1892, and last of all was one in the southern hemisphere, dis- 
covered in 1893, The first three of these were observed by eye 
only, but in the two recent ones we had the immense benefit of 
photographic records. 

It was therefore a very interesting point when a new star 
came along, that we could examine with the powerful instru- 
ments used in modern research, to see whether there was any 
additional light thrown by it upon the problem of two bodies, 
and especially upon one point, in which, if the meteoritic hypo- 
thesis failed, it was worth absolutely nothing at all. If there 
was any truth in the idea of the light of these bodies being pro- 
duced by the clash of meteor-swarms, when the clash was over 
the swarms should go back into their native obscurity, or condi- 
tion of low temperature, and should, if they were seen at all, 
put on the spectrum of sparse swarms in other parts of the sky ; 
that is, they should put on the spectrum of a nebula. 

Tlie appearance of Nova Aurigre furnished, indeed, a splendid 
opportunity of testing the many theories which have been at 
various times advanced to account for the phenomena. This 
Nova was discovered at Edinburgh by Dr. Anderson, who was 
modest enough to announce his discovery by sending an anony- 
mous post-card to I)r. Copeland, the Astronomer Koyal for 
Scotland, on February 1, 1892, It was then a star of the 5th 
magnitude, and on confirming the true nature of tlie newly 
discovered star by means of the spectroscope. Dr. C'opeland 
made the news public. 

During the next two or three weeks the star fluctuated eon' 
eiderably in brightness, though being generally on the down 
grade; and by April 26 had fallen to the 16th magnitude, bo 
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tliat it could only be picked up in the very largest telescopes. 
Thiuiks to the photographic nscords of stellar spectra taken at 
Harvard, it was possible to learn sometliing of the earlier 
higtoiy of the new star. It had really been photographed by 
Professor Pickering two months before ita existence was known. 
Up to December 1, 1891, the light of the Nova did not equal 
that of a 5th magnitude star on the photographic plates, but 
from December 10 to January 20, 1S92, the wtar was photo- 
gmpheiL 



I 



Fig. 68 i«})roduces a photograph of the spectrum of this 
wonderful star, taken at Kensington. 

I learnt from a not« in T/te 7'iiiun of Wednesday, February 3, 
that a new star had been iliscovered. The night was fortunately 
fine, and two photographs of the specirum were taken with the 
same instrument which liad been employed Ut obtain stellar 
spectra, a G-iucb refractor with a large prism in front of the 
lens. The first photograph contained thirteen lines, the second 
more ; the exposures were necessaiily long. 

I shall refer to the wave-lengths of the lines later on. 
On the photographs it was noticed that several of the bright 
lines were accompanied on their mor« r«frajigible sides by dark 
lines, but as the matter was so important, no announcement was 
made till further confirmation had been obtained. 

Now, the same set of particles cannot be pruducing bright 
and dark lines at the same time. We were then obnously 
dealing with two sets, and the photographs, tliercforo, which 
Were taken of the spectrum of this strange body, put beyond all 
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question the fact that we were really dealing with two bodies. 
and not with one. Tliat was very important ; we see from the 
photogr<Lpli that the spectrum of the Nova first obtained was 
very unlike the spectrum of nebulie, so that it required a certain 
amount of faith, when the spectrum was observed, to suppose 
that after a ceitain time, when the action which produced the 
greater luminosity was reduced and the light toned down, we 
should eventually get the spectrum of a nebula. 

But tliis is to anticipate. Let ua first deal with the early 
photographs and observations. With regard to these, I must 
chiefly rely on the series made at Kensington, for I have not 
yet had aufScient leisure to bring all those mnde by othei-s 
tugether. 

For tlie eye observations, the new 3-foot mirror, figured by 
Dr. Common, was employed, but unfortunately the clock was 
not mounted, so that the observations were difficult. 

C was the brightest line observed. In the green there were 
several lines, the brightest of which was in all probability F, 
the position being estimated by comparison with the fianie of a 
wax taper. Another hue was coincident, with the dispersion 
employed, with tlie radiation at X 500 from burning magneijium 
wire. A fainter line between the two last named was probably 
near X 495, thus completing the trio of lines which is charac- 
teristic of the spectra of nebuhe. There was also a fairly bright 
line or band coincident with the edge of the carbon fluting near 
X filT given by the flame of the taper. A feeble line in the 
yellow was coincident, under the conditions employed, with the 
sodium line at D. 

Tlie colour was estimated by Mr. Fowler as reddish-yellow, 
and by Mr. Baxaudall as rather purplish. My own impression 
was that the star was reddish, with a purple tinge ; this was 
in the 10-inch achromatic. In the 3-foot reflector it was cer- 
tainly less red than many stars of Group II. No nebulosity 
was observed either in the 3-foot reflector or the 10-inch 



xin.] NOVA AURIGA SS8 

rofractor; nor did any appea.T iu a photc^raph of tiie region 
taken by a SJ-inch Dalliueyer lens with three hours' exposure. 

On February 7 two more photographs were taken ; though 
exposed for a shorter time thaii the previous ones, they gave 
many more lines, and supplied ample confinuation of the fact 
that the bright lines at K, H, k, and G were accompanied by 
dark lines on their more refrangible sides. 

This important discovery was communicated to the Royal 
Society the next day (February 8). I may add that I learnt 
from TJu Standard newspaper of February 10 that the same 
apjiearance had been observed at Harvard College Observatory. 

I>r. Vogel saw the doubling on February 14.' 



The Photographs. 

On the 7th the first photograph was exposed for 1^ hours 
and the second for two hours. The same number of lines is 
shown in both photographs, Twenty bright lines were 
measured by Mr. Baxandall, and their wave-lengths determined 
on Rowland's scale. I shall refer to these in the sequel 

In addition to the lines recorded in the table, the photographs 
of the spectrum of the Nova showed several lines more 
refrangible than K. They probably include some of the ultra- 
violet hydrogen lines. 

Many of the lines in the spectrum of the Nova were Inroad 
although in a photograph of the spectrum of Arcturus, taken 
witli the same instrumental conditions, the lines were perfectly 
sharp. The broadening of the lines was not accompanied by 
any falling oS* of intensity at the edges, as in the case of the 
hydrogen lines in such a star as Sirius. With the method 
employed in taking the photographs, long exposures are liable 
to result in a thickening of all tlie lines, on account of 
atmospheric tremors. The lines would also be thick if the 

■ Alt. ami AmU P*y<., 18D4, SOT. 
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Nova be hazy, as observed at Greenwich. In the photographa, 
however, all the lines are not equally thick. I pointed out on 
February H that, if the lines are similarly broadened when a 
slit spectroscope is employed, the effect must be due to internal 
flotations ; for if different regions of the Nova were moving 
with varying velocity, or with the same velocity in different 
directions, a normally fine line might be widened, as observed 
in the photographs. 

The hydrogen lines and the K line of calcium were very 
bright. 

Photographs of the spectrum were attempted on several 
subsequenc dates. Those of Febraary 11, 12, 16, and 23, 
however, were insufficiently exposed; still they showed that 
the dark lines were still more refrangible than the accompany- 
ing bright ones, and that the same lines were present as in the 
previous photogi-aphs. A plate was exposed for 2 hours 
35 minutes on February 24, but no impression was obtained. 
The photograph taken on Februaiy 13 was identical with those 
already referred to. In the three photographs of February 22 
there appeared to be a slight diminution in the intensity of the 
H and K lines, but otherwise there was no decided change. 



The Eye Observations. 

Ou February 7, with a 10-inch refractor and Maclean 
upectroacope, C was seen to be very brilliant, and there were 
four very conspicuous lines in the green. Several fainter lines 
were also seen, and a dark line was suspected in the orange. 
I noticed that some of the lines, especially the bright one near 
F, on the leas refrangible side, appeared to change rapidly in 
relative brightness, and this was confirmed by Mr. Fowler. 

Observations of the spectrum were made by Mr. Fowler with 
the 3-foot reflector and the Hilger 3-prism spectroscope. Of 
the four most conspicuous lines in the green, F is Uie most 
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refrangiUe, and comparisons witli burning m^nesium showed 
one of them to be sensibly coincident with the edge of the 
magnesium fluting at 5006. The least refrangible of the four 
bright green lines was found to be slightly less refrangible than 
the carbon fluting near X 517 ; it gave no indications of a fluted 
character, and further observations seemed to suggest that it 
was magnesium b, unless there were a very great change of 
position due to motion in the line of sight. The fourth line, 
which lies between V and 5006, is about one-third of the 
distance I>etween them from F, and its wave-lengtli, assuming 
the star to be at rest, was estimated to be about 490. 

lu addition to these, the G line of hydn^n was distinctly 
visible, and also a group of lines between G and F. The latter 
were not measured, as they appear on the photographs. 

Amongst the fainter lines, one was estimated to be near 
X 527, and was probably the iron line at E. By compaiison with 
the spectrum of manganese chloride burning in a spirit-lamp 
tlame, another line was found to he sensibly coincident with 
the edge of the brightest fluting of manganese, X 557'6. 

There was a bright line a little more refrangible than C, and 
a line at or near D was faintly visible. 

Later on in the month eye observations were made on every 
possible occasion. The chief variations from those previously 
noted were the general fading of the continuous spectrum and 
the con8e<iuent unmasking of the lines between b and I). 
Micrometric measures of four new lines in this region were 
made by Mr. Fowler on February 23 and 24. These, with the 
other lines observed at Kensington in the region F to C, will be 
tabulated further on. 

A light cun'e of the spectrum from F to C was drawn by 
Mr. Fowler and Dr. W. -J. Lockyer on February 22, and con- 
lirmeil by Mr. Fowler on Febniarj- 23, The 3-foot reflector and 
McClean spectroscope were employed in each case. 

The changes which took place in the Nova were exactly what 
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■would be expected according to the liypothesis that new stare 
are produced by the collision of meteor-swarms. The rapid 
fading of tlie star demonstrated that small masses and not large 
ones were engaged, and this was further confirmed by the ob- 
flerved diniiuutiou in the brightness of the continuous spectrum 
relatively to the bright Imes. If two condensed bodies were in 
collision, it is evident that the bright lines would fade first. 



The Bkight asd Dark Links. 

A somewhat similar phenomenon to the bright and dark lines 
observed side by side on the photographs of the Nova had already 
been i-ecorded by Professor Pickering, in the case of ,8 Lyra.-, 
and this has been confirmed by a series of photographs taken at 
Kensington. In this case, the bright lines are alternately more 
and less refrangible than the dark ones, with a period corre- 
sponding to the known period of variation in the light of the 
star. The maximum relative velocity indicated is stated by 
Professor Pickering as approximately 300 English miles per 
second. 

In the case of Nova Aurigje, however, the dark lines iu all four 
photographs taken at Kensington were always more refrangible 
than the bright ones. 

There was no evidence of revolution during the twenty days 
of observation. The relative velocity deduced from those of 
i'ebriiaiy 3, 7, 13 and 22 appears to be about 600 miles per 
second. As this only represents the velocity in the line of 
sight, we are still ignorant of the real velocities of the two 
bodies. The constant relative velocity indicated by the 
displacement of the bright and dark lines may be regarded as 
confirming the supposition that two meteor-swarma had 
collided, the velocities being so great, and the masses so small, 
that neither was captured by the other. On this supposition, 
the spectrum of Nova Aurigfe would surest that a dense swarm 
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was moving towards the earth with a great velocity, and passing 
through a sparser swarm, which was receding. The great agita- 
tion set up in the dense swarm would produce the dark line 
spectrum, while the sparser swarm would give the bright lines. 
The relative velocity of 600 miles per second seems at first 
Bight to he abnormally great, but, if we regard each of the 
component awarma as moving at the rate of 300 miles per 
Becoud, the velocities are quite comparable with those of other 
bodies in space. The star 1830, Groonibridge, for example, 
moves at the rate of 200 miles i>er second across. the line of 
flight, and its velocity may bo greater. 

Nova Nobn.«. 

Another new star appeared in the southern constellation 
Norma in 1893, This was discovered on October 26, on a 
photograph taken at Arequipa, Teru, on July 10, 1893. 
Fortunately the photograph was one showing the spectra of 
stars instead of the simple images of the stars themselves, and 
the spectrum was seen to be identical with that of Nova 
Auriga-,' Even more important were the observations of 
Campbell in February and March, 1894, when the star was 
about lOch magnitude. As the result of his work, he stated 
that "there can he no doubt that the spectrum of Nova Norma; 
is nebular."' 

There can be little question, now that by modern methods we 
have secured permanent records of two Nova-, and find identical 
phenomena, that we are in possession of the main features of the 
problem presented by their appearance. Naturally more details 
are wanted, but the main points in their history are now 
garnered, 

■ Alt. mud AH. Pkg:, 1894, p. 40. 
* Ttid., p. 812. 
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CHAPTEE XIV.— HOW THE HYPOTHESIS HAS 

FARED. 



We are now in a position to bring together the results of the 
new observations made with instruments of modem research ; 
to compare them with the early ones, and to see to what con- 
clusions they lead. 

In this chapter I shall have, in the first instance, to deal 
chiefly with the work and opinions of others along the various 
lines of inquiry opened up by the observations of the pheno- 
mena we are now considering. 

When this has been done, we shall see how the new views 
have fared. 

The Spectrum of NoViE. 

For the purpose of seeking for the relationships of Novae 
to the other celestial bodies I compiled a table in which the 
spectrum of Nova Aurigse is compared with those of the nebula 
of Orion and the bright-line stars, and for the purpose of a 
more complete comparison I have added the observations of 
Nova Cygni, for the reason that it is not probable that two 
Novse will arrive at identical maxima of temperatures, though it 
is quite certain they must end alike at a low temperature, and 
therefore give the nebular spectrum. The table is given in 
Appendix I. 

The table indicates clearly that both in Nova Aurigse and 
Nova Cygni we had to deal with a mixed spectrum ; in fact, 
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the addiliou of the Hoes of the bright-line stars to those ob- 
served in the nebula of Orion, together with others in the 
position of Dnuer's bands, almost build up the spectrum of the 
Nova. 

The table also shows ho^v small a basis of fact is at the 
disposal of those who consider that condensed bodies like our 
own sun can have an; part to play in the phenomena of new 
stars. 

From the beginning to the end of the action the principal 
lines of the nebulie were seen both in Nova Cygni and Nova 
Aurigie ; at the end, as I have ali-eady stated, tlie nebular line 
was seen alone. It is important here to indicate that the 
change of intensity observed in the lines, aa the light of tlie 
star wanes, is relative only, that is, to take one instance, tlie 
nebular line does not become brighter, it only appears brighter iu 
consequence of the dimming in brightness of all tlie others as 
the intfineity in the action going on is reduced. 



The Relation between Nov.£ and Variables uke Mika 

C'KTL 
If the two swarms which produce a new star by collision 
are such that the mean distance between the meteorites in 
the resulting " mixed swann " is about equal to that between 
the meteorites in a body of Group II, say a Ononis; mixed 
radiation of carbon and metallic tlutiug absorption will pre- 
ponderate in the spectrum observed At the same time, the 
sparser portions of the swarms will give us the radiation of 
the permanent gases. This was the state of things in Nova 
Coronie, a detaile<l discusgiou of which has already been given. 
The general spectrum observed waa one similar to that of a 
Ononis, but in addition, the presence of bright hydrogen lines 
was noted. This is a condition which cannot occur ut any 
stage in the condensation of n single swarra, because a swarm 
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dense enough to give the a Orionis type of spectrum would 
be too dense to give hydrogen and cleveite gas radiation. In 
a dense swarm absorption preponderates, whilst in sparse 
43warms radiation preponderates, the interspaces being flooded 
usually with incandescent hydrogen and helium. 

In variables of the Mira type, we have almost a reproduc- 
tion of the conditions of Nova Corome. As I suggested in 
1888,^ the variability in this class of stars is in all prob- 
ability due to a swarm of meteorites revolving in a more or 
less elliptical orbit around a central swarm, the maximum 
luminosity occurring at periastron passage. At maximum, 
therefore, in such a variable, the luminosity proceeds from a 
mixed swarm, exactly in the same way as in a new star. 
At the maxima of Mira and other long-period variables, bright 
hydrogen lines have been observed, although the spectra are 
of the Group II type. 

The Origin of the Mixed Spectrum of Nov^e. 

The discussion of the observations made of the changes that 
take place in the spectra of new stars, has already shown that 
the sequence of phenomena is strikingly similar to that which 
occurs in cometary spectra after perihelion passage. In general, 
however, there will be a difference: namely, that in comets 
there is usually only one swarm to be considered, whereas in 
new stars, there are two, which may or may not be equally 
dense. In new stars, we have accordingly the integration of 
two spectra, and the spectrum we see will depend upon the 
densities and relative velocities of the two swarms. At one 
part of the mixed swanu the temperature must generally be 
considerably higher than at another, in consequence of the 
greater number of collisions occurring locally, and the tempera- 
ture will be lowest where the outliers are engaged. 

' Meteoritic Htfpothens^ p. 475. 
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In new atara. therefore, it is possible for U3 to have the radia- 
tion spectra of gases and vapours correspondiugto sparse swarms 
of meteorites (nebula', briglit^line "stars," and comets away 
from perihelion), and the mixed radiation of carbon, together 
with the fluting absorption of metallic vapours, corresponding 
to bodies of Group II, and to comets nearer perihelion. That ia 
to say, we may have the radiation lines of hydrogen and cleveite 
gnaea and the fluting of magnesium at BOO, plus the radiation of 
carbon, and fluting or line absorption of manganese, lead, iron, 
etc, a condition which cannot occur when only a single swarm 
ia in question. 

The mixed spectroscopic phenomena, which should be seen 
on the collision of two swanns, were noted in my paper of 
November, 1887,' as follows: — "We shall, in fact, have in one 
part the conditions represented in Class Illir (Vogel), and in 
the other, such a condition as we get in 7 Cassiopeiie." 



The Mixed Colours of Nov,e. 

It must be remembered tliat the sudden increase of tem- 
perature which determines the appearance of a new star ia of 
quite a different character to the increase of temperature due 
to the condensation of a single meleoritic swarm. The pheno- 
mena accompanying each will therefore be different. 

In the case of new stars, we have to begin with two met«oritic 
swarms, possibly in different stages of condensation. If no 
star or nebula were visible before, the sudden increase of light 
would be due to the collision of two undisturbed swarms or 
streams. If one of the swanns engaged already existed uaa 
nebula, the collisiou of another with it would cause an outburst 
similar to that of Xova Andromedie and Xova Aurigie. If one 
swarm existed rather more condensed, the collision of another 
swarm with it would produce a higher temperature ; this was 

■ Pror. S93. Sot., Tcd. sliii, p. 147. 
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the case with Nova Corons. But after the disturbance due to 
the collision had subsided, the temperature must begin to £bl11, 
as the mixed swarm is not in a condition to keep it up. 
Kotct^ thtrtfort^ run hath along the iemperaturt eurrf, and their 
colour changes will in general take place in the opposite order 
to that followed by a condensing nebulous swarm. Hence the 
colour of new stars will be generally of a compound nature, and 
made up of the luminosity of the pie-existing nebula or star, 
together with the added l%ht brought about by collisions. 

The changes of colour will depend upon the relative amounts 
of light received from the two sources of luminosity of the 
Xova. This again may depend ei:her upon the relative 
volumes occupied by the two swarms or upon their tempera* 
tures. If, for instance, the Xova consists of a laige sparse 
swarm combined with a smaller and more condensed one, the 
li^t at first would be mainly that of the condensed part, the 
feeble blue or green light of the sparser swarm being overpowered. 
With rapid cooling in such a ease, the l^ht from the condensa- 
tion would diminish in greater proportion than that from the 
larger mass, and the blue colour would theu begin to assert 
itsell If the light from the condensation were reddish, this 
addition of blue light would tend to produce a purple tint, as in 
Xova Cygni, or a leaden one as in the star of 1572. 

In Xova Coronae the compounding of colours was very 
manifest. 

12th May. White, with a bluish look. (Burminghaiu, M<mUdy Xotioegf 

voL xxvi, p. 310.) 
15th May. White, with a bluish look. (BaxendeU, Monlkly XcUoOy 

vol. xxvii, p. 5.) 
16th May. CVeaiu-eoloared, yeUoir Mm tJ^rvwpk litif nlsk. JfamMy 

Xoheei, voL xxvii, jx 5u) 
ISrth May. Buff-colomed. (J^on/A/v Xotu^e*^ voL xxAii, p 5.) 
2lst May. Leaden, slight onnge tinge. {JioikXXIy Xctkcet^ viiL xxvii, 

p. 5.) 
22nd May. No yellow or led. (J^ojOA/jt Aof kv*, voL xxvii, p^ 5.) 
23ni May. Doll grey. (JiotUkfy JToTmi, voL xxvii, p 5.) 
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24th May. Dull white, tinge of onuige. {Monthly Notioet, ToL iivii, 

p, 5.) 
35th Ma;. Slightly ot&ngR-white. {3£<mddg Noticu, vol xxrii, p. S.) 
S6tli May. Dull onuige- white. {Monthly Notiett, vol. zxvii, p. Q.) 
29th May, Dull onmge-yellow, (Mouthiy A'dixt, voL xxrii, p. fl.) 
2nd Juue. Orange, no longer striking. {Monl/Ug Jfotioa, toL xsvi, 

p. 898.) 
SCth June. Onnge-yellow. [Monthly Xoticgt, vol. ixvit, p. 5.) 
S6th Jaue. Orange. {Monthly Notice*, voL xxvii, p. &,) 
11th July. DuUyeUow. (JfonlA/y A'oftwi, vol xxvti, p. S.) 

The Star had & yellowish tint to l^ovember 6, 1866. It 
appears, therefore, that wlien tirst visible the colour of this star 
was compounded of the yellowiah-white colour of a swanii in tax 
advanced stage of condensation and the bluish colour of a very 
early star, the blue colour in this case being due to the carbon 
radiation in the blue. This condition probably existed from 
May 12 to May 21. Afterwards, as the sparser swarni became 
very faint, the blue colour gradually died out, leaving a yellow 
tint preponderating. 

Tlie compounding of colours is, perhaps, more obvious in this 
case than in any other, and the reason is not far to seek, since 
the two swarms were of such very thft'erent degrees of con- 
densation, one being comparatively far advanced along the 
temperature curve, whilst the other was only a very sparse 
8wariii, as indicated also by the compound spectrum. 

Dealing witli all the colour changes chronicled, which are 
brought together in my communication to the Royal Society,' 
it will be seen tliat tlie changes of colour observed during the 
cooling of Novas are i)erfectly in accordance with the sequence 
to which reference has been made. The Kova observed by 
Tycho Braho appears to have reached an exceptionally high 
temperature, as indicated by its colour and brightness, and the 
changes of colour observed are exactly what tliey would have 
been in a cooling swarm of meteorites. Tliis also was the case 



■ Pkit. Tra**., vol. eliixii, A, p. 440. 
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in tlio other NoviB of which colour ohaervations have been 
recorded. Nova Cygni passtjd from a golden yellow to red, and 
theu to orange, which agrees with the portion of the general 
colour sequence — reddiah-yellow, yellow, red, yellowish-red. 

Nova Andromodie was first reddish-yellow, then orange 
coloured, reddish, and yellowish- red. Many observations of 
variations in the colotir of Nova Coronse were made, and 
these show that from bluish-white it tan down to a dull yellow. 
From these observations of colour it is evident that this waa 
the hottest of the new stars. Tlie " white, with a bluish look," 
recoi-ded by Bnxendell, is at the top of our colour stages, and 
the spectroscopic examination of the star indicated a high tem- 
perature. Baxendell noted that, after the first observations, no 
blue tinge was seen. 

The discussion of colour observations therefore strengthens 
the view that new stars are complex bodies, probably produced 
by the collision of two swarms of diflferent densities. 

Cakbon Kadiation in Nov^ 

In the Meteoritic Hypotlum I showed that the record of the 
presence of bright carbon Hutings was unbroken from a planetary 
nebula through stars with bright-line spectra to those resem- 
bling OL Herculis ; that is entirely through Groups I and 11 of 
my classilication. In comets, also, carbon is one of the chief 
features of the spectrum, and here there can be little doubt 
that we are deahng with swarms of meteorites. 

Carbon is thus one of the chief characteristics of the spectra 
of uncondensed meteor-swarms. We have already seen that 
there is evidence of its existence iu Novje, but to emphasise 
this point, it may be convenient to summarise the observations 
which demonstrate it. 

In Nova Coronse the evidence depends upon two lines in the 
blue at approximately X 467 and 473. The more refrangible 
was stated by Dr. Huggins to be either double or ill defined. 
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nnd this was ito doubt the iiiaxiioum of lumiuosity of the com- 
pound carbon fluting at 468. The line at 473 was probably 
the least refrangible maximum of the siime group. This double 
maximum of the carbou fluting has frequently been recorded 
in cometttiy spectra. The green tlutiugs of carbon in Nova 
Coronie were masked by the continuous spectrum, which, 
however, did not extend far enough into the blue to mask the 
other. 

This double maximum was also seeu by Vogel in Nova 
Cygni BMm after its appearance, but after a time the sharp 
termination at 47-1 ceased to be visible, and the more refran- 
gible one remained alone. Uoth these conditions have fre- 
quently been recorded in comets, raid there is no doubt that 
tliey were due to carbon. In No\'a Cygni, however, there was 
other evidence of carbon in the appearance of th» brightest 
flutiug at 517. Both this and the one at 468 faded awayas the 
star gradually assumed the spectrum of a planetary nebula. 

For Nova Andromediu we have Copeland's statement that 
the spectrum was " the same as that given by any ordinary 
hydrocarbou flame." Although the flutings seen exist also in 
the ikebula, it is probable that they were slightly inleuaitied in 
the Nova, because the same observer did not note them iu the 
uebula itself. Some of the observers, however, remaiked that 
the si>eclrum of the Nova was that of the nebula intensified, 
although they did not recognise the true character of the 
nebida spectrum. 

Again, a characteristic feature of the spectra of Noi 
s period is the apjtarent breaking up of tJie blue end of the 
spectrum into two part& Thus, speaking of Nova Cygui, Vogel' 
says : — 

" It must be also mentioned m chanctoriHtic of thU Bpectnun, that Oir 
bhie sod violet were very distinct i-ouiparrd with what they are in other 
■t>ra poMesaiiig a band «pectrum :" 
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and, with respect to an observation made on January 1, he 
further remarks : — 

" After F followed a broad dark band which divided the spectrum into 
two parts." 

A little later, he states that the dark band had a wave-length of 
474—486. 

Comu^ also showed the spectrum of Nova Cygni divided into 
two parts beyond F, and Dr. Lohse noted what he considered 
to be an intensely dark absorption band beyond F. 

Again, Konkoly noted regarding Nova Andromedae,* 

" Shortly Ijebind the region of F the spectrum is just as if cut off." 

In all these cases, the apparent breaking-up of the spectrum 
was doubtless due to the existence of the bright blue fluting of 
carbon standing out beyond the end of the continuous spec- 
trum, exactly as is seen in the spectra of bright-line " stars " 
and some of the condensing swarms of Group IL 

In the discussion of the spectra of condensing swarms* I 
remarked : — 

^' When iu these stars the spectrum is seen far in the blue, the lumin- 
osity really proceeds first from the carbon fluting, and, in the hotter stars, 
from the hydrocarbon one, which is still more refrangible, in additioa. 
In the stars which have been examined so far, the dark parts of the 
spectrum, which at first sight appear due to absorption, are shown to be 
most likely caused by the defect of radiation in that part of the spectrum 
between the blue end of the continuous spectrum from the meteorites and 
the bright band of carbon." 

In such cases as these just described the carbon fluting 
468 — 474 appears broken off from the remainder of the 
spectrum. 

Speaking of Lalande 13412, I wrote*: — 

" The bright part of the spectrum extending from 473 towards the blue 



* Comptet RenduSf vol. Ixxxiii., p. 172. 
« A»t, Sach., Xo. 2681. 

3 Bakerian Lecture, 1888, )). 31. 

* Ibid., p. 85. 
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I wuuld ag&in suggest, the carbon 1 ahi] 
aiigHsariug beyoucj the coiitiiiuuUB spevtruni ; " 

and Agniu. referring to 2nd Cygnus: 

"Th* bright bnnd in the blue at 473 ■■ roosl prvbablj ti)« carboD b&iitl 
ap]>eariiig bright upon a faint continuoua s|>ectniiu, tliis produoiug the 
appareut absorption fruni 436 to 473." 

la 3rd Cygnua the same thing occurs, a dark band appearing 
from abont 488 to 47;i. which is doubtless nothing more than 
the dark spao* between the end of the continuous spectrum 
and the iiarhon tinting at 474. I also remarked, concerning 
the origin of the discontinuous spectrum : — ' 

" I have already shown tliat when the iu«teoritei are wide apart, thougli 
not at their wide«t, auil there ie no ti)nrk«d cviiilrnaatlui), tlie spectrum 
will «xteD<I farther into the blue, ani] therefore tLu flutings in the blue 
will be quite bright ; in fact, uuder this condition thn chief light in tbu 
pari of the apectruu, alnioat indeed the ouly light, will cume from the 
bright carbon. Uuder this same condition the teiujwntture uf the meteo- 
ritea will Dut be very high ; there will, therefore, be little contiiiuous 
•jiectruia to br absorbed in the red and yellow." 

There can be no doubt, therefore, that the spectra of Nov.u 
nre similar to the spectra of bodies of Group II, and the lat£r 
sj^fecies of Group I. bo far as c^irbou is concerned. All these, 
again, are closely related to comelary spectra, and tlie acknow- 
ledged nieteoritic nature of the latter strengtiiens tlie view 
that Novie are produced by the collisions of meteor-s 



Tub EviDRxcK as to tub Existence of two Bodies. 
It will have been gathered from Chapter XI that in most nf 
the earlier attempts which were made to explain the origin ol 
new stars, the leatling idea was that of a single body being 
suddenly disturbed in some way, with the possible result that 
the heat of its interior became nianifeated at the surface. Thus 
Zi^Iner, iu ISCi), suggesunl that the phenomena niiglit be pro- 
duced by the bursting of the crust wliich had jost formed on 
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the surface of a star approaching extinction. In connection 
with the new star in Corona, I pointed out in 1866 that all 
that seemed necessary to get such an outburst in our own sun 
was to increase the power of his convection currents, which we 
know to be ever at work. But a special subsequent study of 
the phenomena showed that this view was untenable, and I 
abandoned it, and in 1877 insisted upon the necessity for two 
bodies, the two bodies in question being considered as normally 
meteoritic swarms. 

With regard to that same Nova of 1866, Dr. Huggins 
believed that the appearances were due to gaseous eruptions in 
a single body, and that — 

" Possibly chemical actions between the erupted gases and the outer 
atmosphere of the star may have contributed to its sudden and transient 
splendour/' 

which was likened to a world on fire. 

Though Zollner's theory was further advocated by Vogel and 
Lohse in 1877, the idea that such outbursts can be produced in 
a single body without external influence is now, I think, almost 
universally abandoned, though I should add that Dr. VogeL in 
a modification of ZoUner's hypothesis, ascribes much of the 
increased luminosity of new stars to an actual " combustion " 
ill one body.^ 

In relation to Nova Auriga^ the view of two bodies has 
gained considerable ground. 

Dr. Vogel, who made some admirable observations during 
the appearance of this new star, states most distinctly that — 

" We can no longer regard the assumption of a single body as sufficient 
in any explanation of the occurrence." » 

Belopolsky also accepts two bodies,^ and the views of 
Seeliger and Klinkerfues advocating two bodies have been 
much discussed. 

* Scheiner's Spectroscopy, Frost, viii. 
2 Ast. and Ast, Phys., 1894, p. 52. 
' Ibid., p. 54. 
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This Lhen, so far as it goes, may be claimed as a victory for 
one coDtention of the meteoritic hypothesis ; but, notwith- 
standing Uie general agreement as to the presence of at least 
two bodies in the outburst of Nova Auriga;, there remain con- 
siderable difFereuees of opinion as to the nature of the sepanite 
bodies, and of the kind of interaction between them. 

Monck's view, referred to on p. 184. is the one extended by 
Professor Seeliger, who jioiuts out that the pliotugraphic iuvesti- 
gatious of Dr. Max Wolf and others leave but little doubt that 
space is filled with more or less extensive aggregations of 
thinly scattered matter, which may be called cosmtcal clouds, 
tlieivby accepting my view of a " ineteoriLic plenum," which 
was announced Ijefore any of these photographs were taken. 
He holds that if a heaveidy body iu rapid motion becomes 
involved in one of these cosmical clouds its suiface will become 
heated, and the vapourised products will be partly detached 
and assume the velocity of the cloud; the fluctuations of 
brilliancy of a new star on thia liypothesis are pi'oduced by 
the varying density of Uie cosmic cloud through which the 
1>o(ly is passing. 

I give two extracts from his commnnications : — 

Kecent photographic results — 
"liftvn left ii» doubt thnt «pai.-e i» 611«l witli more or lens ritensivp 
«ggregntiuu8 of thinly scattered matter,"' 

" It ia from the iiiture of the disc very |>robnble that the 8upposi.il 
nobulouM cloutlH or ftg^^gatioiin of duit-like pKrticIca, abuuld be mote 
iiumerouii in certain juirtfl o( apsx-'c than otliMB.''' 

In this way he explains tlie observed fluctuations in bril- 
liancy. 

It is clear that Professor Seeliger accepts my general hypo- 
thesis of a meteoritic plenum, but not tfiat part of it wliich 
expluins many variable and all new stars by the clash of licv 



> Atl. amd Att. Fkgt., IWS, p. 907. 
' IHd^ p. W7. 



THE SUN'S PLACE IN NATUEE. 



[chap 



meteoritic swarms. But even this modified liypothesia of 
Professor Seeliger's has been strongly combated by Dr. Vogel. 

The idea that audi phenomena might be produced by the 
close approach of two bodies, and the consequent disturbances 
clue to tidal action, was first started by Klinkerfues in 1865, 

The tidal theory differs from Ziillner's only in ascribing the 
eruptions to the disturbances produced by tidal action wlieii 
two bodies approach each other. This explanation, however, liaa 
met with much opposition on physical grounds, 

Professor Seeliger remarks, in opposition to this view — ' 

" The static theory of the tides, which is used thruughoiit, is quite in- 
capable of giving H correct repreeeutatioti of t)ie deformatiunB which are 
doubtless produced by the close passage of tlie two bodies ; for with very 
eccentric orbits (which it is necessary to amntae on otiier grounda), the 
contiuunlly Taryiiig action would last for so short a time thnt oue could 
scarcely expect to derive n trustworthy coucluBiou ill regard to tlie ai^tiial 
eircuni stances from a cousiderntiun bnsed on the forms which the bodies 
could aosume in equilibrium." 

Again, Vogel objects that — 

"Sensible tidal actiiin camiot be assumed to last fur any considemble 
time, as on account of the great relative velocity of the bodies, they would 
separate at the rate of forty-six millions of miles per day." ' 

If we are to have tidal action let na have it under conditions 
with which we are familiar or which we can test by the light of 
experience. We know that the similarity between the spectra 
of the chromosphere and the nebulffi and the Novre depends 
almost entirely upon the presence of two permanent gases, and we 
know also that if tidal action were set up in the sun, the body 
with which we are moat familiar to-morrow, we should see no 
trace whatever of the spectrum of either. 

Again, Mr. Maunder and others have pointed out that if the 
phenomena be due to tidal action producing the formation of 
solar prominences, the bright lines should be dLsplaeed to the 

' All. and Asi. Phya., 1802, p. 905. 
* Ibid., 1884, p. &*" 
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more refmiigible aides of tlieir normal places, for the reason that 
oaly those prominences on the side of the star presented to us 
would be ablo to produce vinible bright lines, and such pro- 
minences would necessarily have their chief movement in ii 
ilireotion towards the earth. We have seen, however, that in 
Nova Aurigte, the actual displacement of the bright lines was 
just the reverse. 

The fact, moreover, that Nova Anrigre ended by becoming a 
nebula is difficult to reconcile with the idea that in its earliest 
stages its luminosity was produced by outbursts of the nature 
of solar prominences. To liave so-called " solar prominences," 
there must be a sun to produce them, and that must remain 
when the outbursts of the prominences has ceased ; in this case 
the last stage of the spectrum of the new star should have 
resembled that of the sun. The fact that it did not indicates 
how worthless is the prominence suggestion in the light of 
modem knowledge. 

Another very important objection to the solar prominence 
theorj' is this : If now stars are real stars capable of exhibiting 
prominence phenomena, then we have real stars ending as 
nebula", and thus clashing with the idea that nebnlie are 
•' early evolutionary fonns '-' of heavenly liodica. Kurther, if 
new stare be real stars, we should have to believe that the last 
expiring atmospheres of stars consist of hydrogen and nuknowD 
gases ; but if we take the evidence afforded by the stars 
themselves we find that, instead of their last luminous atmo- 
sphere consisting of bright hydrogen and helium, the spectrum 
indicates the presence of absorbing carbon or carbon compounds. 

These, however, are not the only objections which may be 
raised tn the idea that we have to do with phenomena of the 
nature of solar prominences, whellier produced by tidal action 
in the case of two bodies, or by a bursting of the crust which 
is forming in the case of a star approaching the end of its career 
as a luminous body. 
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We know of the existence of many bodies in space where all 
the known conditions of tidal action exist, bodies with fluid 
atmospheres, elliptic orbits, and not large perihelion distances, 
and yet in none of these have phenomena been observed at all 
approaching those presented by new stars. 

But we may go further than this. 

In the first place, there is no reason to suppose that the pro- 
minences in our own sun are produced by tidal action, and yet 
I suppose it was the spectroscopic evidence of apparent simi- 
larity between the Nova and the chromosphere which gave rise 
to the idea of tidal action. 

In the second place, even if the fact that many of the lines 
seen in the spectrum of Nova Aurigae during its first appear- 
ance were coincident with lines seen in the solar chromosphere, 
appears, at first sight, to support the idea, it will not do to 
forget that since the spectra of nebulae also show chromospheric 
lines, the same argument might also be applied to prove that 
nebulae are manifestations of prominences and tidal action. I 
do not imagine that very many will be prepared to believe that 
nebulae are prominences, for if they are, they must be pro- 
minences of an unseen sun ! ! 

It is, I think, sufficiently evident, that each special hypo- 
thesis which has been brought forward to replace the view of 
the nature of the two bodies involved suggested by the meteoritic 
hypothesis has got no further than a damaging criticism from 
the authors of the others. 

Dr. Huggins* Views. 

I have found it undesirable in what has preceded to refer 
to Dr. Huggins* opinions on the various points involved, for the 
reason that all suggested explanations of the phenomena of new 
stars which have been put forward, except my own, have 
appeared to find favour with him in turn. I have thought it 
proper, therefore, to refer to them separately. 
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As I pointed out in Chapter XI, the appearance of the new 
star in 1866 was explained by him as a conflagration on tlie 
surface of the Iwdy ; we were in presence of a world on fire. 

In regard, however, to the more detinite results secured by 
the observation of Nova Anrigie, Dr. Huggius in the first 
instance found it necessary to snppose the existence of two 
bodies, in oider to explain the phenomena observed. 

Writing of the one Iwdy idea advocated in 1866,' he refers to 
it as 

" A view which, though uot inijKMiaible, I should not now, witli our 
protent knowledge of tlie light L-hanges of atara, be ilia]KMed to auggeML" 

He is Uieu led to favour Kliukerfnes' view of two bodies, the 
light variation being brought about, us I liave shown, by tidal 
action. He refers to 

'' Enonuoue eniptions, of the hotter nuitter from wUhiu, imnieiiMly 
greftler, but Himil&r in kitul to soUr emptionei,"' 

tlius brought into play, lint although IJr. Huggins thus 
appeared to favour Klinkerfues' hypothesis, which is rejected 
by Seeliger, Vogel, and myself, he suggested another, which, so 
far us I can se^, ia diametrically opposed to it Hii nuw special 
view assumes 

"Two gMeouB bodies, or bodies with gasooni atmoHpberea, moviijg 
away froiu e.icli otUc^r, aftvr a Uear approach."' 

Furtlier, tlie guseons bo<Ites are not idlowed to collide. 

" The pheiiotneiia of the uew stju* scArcely permit ub to buii)io8C even a 
fuLTtial collision ; though if the bodies were very diffuse, or tlie approach 
«]ou> ciiougli, there niny hove been possibly aonie mutual interpenetTAtion 
and mingUiig of the mrer gasea near their boundoricM." 

On this liypothcsis it need only be remarked that there is no 
evidence whatever that the *" boundaries " of any star contain 
" raier " gases. We know that in our ovra sun, where we can 

■ Prof. Eog. Soe„ vol. U, p. leG. 
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study such ph<?uomeua best, the " tmundary " gives no iodica- 
tion of any gas, and there are good reasons why it should not 
do so. The gases hydrogen aud heHum involved in the pheno- 
mena with which Dr. Huggins deals in two mutually destruc- 
tive hypotheses, exist uncomhined, aud spectroscopitailly viaible 
only at the baae of the solar atmosphere. 

Finally, however, this idea was given up, and Dr. Huggins 
returned to the 186(J explanation, which I think has been aban- 
doned by everybody else. I q^uote his words, written the next 
year :— 

" Infloencetl by the analogy between Bome of the chnnges in the spectrum 
of the Nnva, aod those whicli are SMOctated in the upectrum of p Ljne 
with the variation of its light, and aUo by other reasons which we pointed 
out in our former eommuuicatiou, we are still strongly inclined to take 
the Bfuue view which we then ventured to suggest, namely, that in the 
outbiirat of the Nova we have not to do mainly with cold matter raised 
suddenly to a high temperature by a collision of any form, biit rather, for 
the most part, as was suggested by Dr. Miller aud myself in 1866, in the 
case of the Grst temporary star examined with tlie B|}ectrc«cupe, to an 
outburst of existing hot matter from the interior of the star or at«ra ; 
indeed, to phenomena aimilar to, but on an immensely grander scale than 
those with which we are familial- in the periodic greater aud lesser dis- 
turbances of the sun's surface. 

" Such grand eruptions may well be expected to take place as ttara 
cool, and if in two dull aud comparatively cool stars such a state of things 
were imminent, then the tidal action due to their near approach might be 
amply adequate to determine, as by a trigger action, such eruptions. 

" Under such conditions, Buctuations of brightness and subsequent 
partial renewals of the eruptive disturbances might well take place." ' 



The Final Stage of Nov.e. 

In new stars the succession of events ou the meteoritic hypo- 
thesis cannot be the same as that in the cflse ni orderly conden- 
sation ; there must be a t-unniiig backieards of the phenomena. 

We must have from the first appearance of a Nova to tlie 
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laat a " backwardation " ending in an " early evolutionary form.'" 
Inciiiase of ttinipeiature is accompanied by spectral cbangea in 
a iwrtain order; if the temperature is reduced the chanyea 
occur in reverse order, until finally we i-eacli tlie " early evoUi- 
tiouary form " which tlie nebula; are now acknowledged to be. 
even by the opponents of my views. Tliis early form cannot 
be s niasH of gas merely, because its temperature is lower than 
that of a aun, which it is potentially, and it must conlaiu all 
the subatancea eventually to appear in the atmosphere of a 
sun. 

After February the dimming of Nova AurigJe placed the 
Bt*ir beyond the reach of the Kensington instruments, but, as a 
mutter of fact, tlie Xova reappeared in August, 1892, and was 
observed to have increased in brightness from the IGth magni- 
tade in April to about 9th magnitude. 

What, then, was the spectrum ? It had almost compl>>tely 
changed ; and among the first to observe the new spectrum 
was I'rofesaor Campbell, of the Lick Observatory. Tliis obsen'er 
then stated that " the spectrum resembles that of the planetary 
nebulx.'" In tlie following month the spectrum was also 
observed by Drs. Copeland aud Lohse, aod their observations 
seemed to them to " prove beyond doubt that Nova Auriga- 
is now mainly shining as a luminous gas nebula."* The most 
striking evidence on this point, however, is that afforded by 
the photographic investigations of Von Gothard. He not 
only shows us the photographic spectrum of the new star at 
this stage of its histoiy, but gives us also the spectra of 
several nebulte to compare with it : and it is evident that we 
were certainly dealing, in tlie case of the Nova, with the same 
spectrum as in tlie nebulw. Dr. Gotliard, at least, was satisfied 
on this point, and stat«d that " the physical aud chemical state 
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•of the new star resembles at present (September and October, 
1892) that of the planetary nebulaj." ^ 

There was finally also telescopic evidence of the nebulous 
•character of the stars. 

Max Wolf wrote : ' 

" A number of new diffuse nebulae were discovered in the vicinity of 
the star, and there even appeared to be traces of nebulous appendages 
iproceeding from the star itself." 

On my side then I may say, at all events, that I have the 
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Nebular lines. 

Fig. 69. — The spectrum of the new star in Aurigee, as compared with the 

spectra of planetary nebulie (Oothard). 
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great authority of the naiatis of Campbell, Copeland, and 
Gothanl. who state that tliey have certainly observed the 
spectrum to lie that of tlio nebulje, and of Max Wolf, who Las 
I photographed it. 

This ending of the long series of spectral changes in a nebula 
has been the one which generally has caused the greatest sur- 
prise, but ou the meteoritic hj-pothesis, this, and nothing else, 
must happen. 

According to the general hypothesis, we have everywhere in 
space, as is now being abundantly revealed to us, especially by 
the phot<:^raphs of Barnard, Max Wolf, and others, meteoritic 
aggregations, swarms, and streams, the constituents of which 
are, comparatively speaking, at rest, or are all moving one way, 
if tliey are moving at all, and undisturbed, because they are 
not being intersected by other streams or swarms at any one 
time. 

But supposing any of these bodies cross each other, as un- 
fortunately sometimes excursion trains cross each other, then 
there must be a change in the phenomena because there must 
be collisions ; the collisions produce increased light, and we 
think that a new star is being bom. Nothing of the kind. No 
new star is l^eing born : there is simply a disturlmnce in a cer- 
tain part of space. 

Further, two sheets or streams of meteorites interpenetrating 
and thus causing collisions will produce luminosities whicli 
will indicate tliu condensation of each. 

Tlie siwctra of the Novie we are consiiiering indicate lliiit 
the colliding swarms were of different degrees of condensation, 
and the variations of light observed indicate several such en- 
counters between less dense swarms after the most dense one 
luul somewhat cooled down. 

When the disturbance cools down we shall find that that 
, part of space is still absolutely in the same order. In the 
e of Nova jVuriga-, and in the case of Nova Cygni after the 
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wiir was over, nebulii; have Ireeii found to lie in the precise 
po3itiou8 occupied by the new stars, and the only thing that 
•one has to say about it is that the nebnlie were there before 
Mtthat in consequence of our incomplete survey of the heavens 
they had not been observed. 

After the new photographic chart of the heavens has been 
made, in future times, it will be found that all new stars ai-e 
not Ideally new, but the lighting up of something which existed 
there already. The argument for this view is simply this. If 
I light a fire, the smaller the fire the sooner will it go out, 
and the larger a fire the longer will it last. So if we are dealing 
in space with those illuminations which disappear in hours, 
■days, or weeks, we cannot be dealing with any large mass : 
therefore the collisions in question cannot be between large 
masses of matter, but it must be a question of collisions 
amongst the smallest particlee of matter. 

It was abundantly clear then, that observations of a Nova 
■with all the resources of modern science had established one of 
two main points of the meteoritic liypothesis, that we were 
dealing with sparse meteoritic swarms, which after the disturb- 
ance showed merely the spectrum of the nebula. There can 
be no doubt that a nebula really existed there before the dis- 
turbance. 

It is interesting to consider one of the possibilities which 
may explain why small nebuhe may be overlooked in telescopic 
obaei-vations. In the so-called achromatic telescope, all the 
rays of light are not brought to quite the same focus, so that 
when ordinary stellar oliser vat ions are being made, the focus is 
adjusted for yellow rays which are most Imninous to the eye. 
Now the greater part of the visual light of a planetary nebula 
is confined to a single line of the spectrum in the green, so that 
the focus which is best adapted for observations of stars is not 
suitable for the observation of a small nebula, the nebula being 
out of focus, and its feeble light thus reduced by the tliffusion 
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of tlie image. This difference is much more marked in large 
than small telescopes, nnJ Professor Campbell has pointed out 
that, on account of the steepness of colour curve iu a large 
telescope, 

" A aiDtdl DebnU like Nova Aurigie will, in genei-iil. iiii|>rAr rvlAtivelv 
brighter in a Htnall telucope than in a large one." ' 

On this hypolhesia, then, we imagine a nebula in tlie position 

occupied by Nova Aurigie not chronicled for the reason stated. 

Whatever the tleneity of the nebula may be, and it is not 

Tcry sparse, it is undisturbeil, it may even be a spiral nebula 

I like the great one in Andromeda, and even in rapid rotation, 
ao that when disturbed we get changes of wave-length according 

I to the part that is pierced and changes of brilliancy if the 

I vaiious parts of it are not all of equal density. 

This nebula is approaching us. It was disturbed by a much 
apurser stream rushing away from ua, the relative velocity being 

[ over 500 miles a second. During the time of impact, llio dis- 
turbances produced in the two swarms gave rise to a bright- 

I line spectrum in the sparse swarm, and to a dark-line spectrum 

I in the more condensed one. The si>ectrum of the sparse swarin 
disappears, the spectrum of the dense swarm clianges gradually 

f from dark to bright lines, and ultimately it puts on the original 

I nebular spectrum. It is still there, and still approaching us. 

General Conclusiox. 
Having thus endeavoured to bring together all the existing 
I apectroscopic observatioua of Novo?, I now summariae the 
I results. They indicate that some of the changes observed are 
[ closely related to those observed in cometary spectra, the differ- 
f ence in observing conditions, and the compound character of 
I Nov* being duly ollowed for. The temjierature of a Nova 
L depends ujton the degree of contlensation of the melwr-s^ 

■ Jit. amd A.l. Piy:. IMS. p. I?4. 
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which produce it. Its visibility depends also to a certain ex- 
tent on its size. Hence it is that all Novae do not attain the 
same maximum temperature or degree of visibility. 

A more or less complete sequence of spectra has been found 
by considering the whole of the spectroscopic observations, 
and joining them together on a descending scale of tempera- 
ture. 

The general result of the comparison of new stars with 
variables, is that in passing from a variable to a new star, we 
pass from one swarm (or many) revolving in an elliptic orbit 
round a central swarm, to one probably revolving in a parabolic 
or hyperbolic orbit. 

The changes in magnitude observed in Nova3 are also in 
strict accordance with the meteoritic theory of their origin. 
The sudden increase of luminosity, which produces the appear- 
ance of a " new star," may well be due to the colliding of two 
swarms of meteorites, whilst the rapid fading away conclusively 
demonstrates, that small bodies and not large ones are engaged. 

The complete discussion, therefore, tends to confirm the con- 
clusion which I anived at in November, 1887,^ namely : — 

** New stars, whether seen in connection with nebulse or not, are pro- 
duced by the clash of meteor-swarms, the bright lines seen being low 
temperature lines of elements, the spectra of which are most brilliant at a 
low stage of heat 

Eeplies to Objections. 

We have next to consider the objections which have been 
urged against this hypothesis, and it will be convenient to deal 
at the same time with the various objections against the ob- 
servations and conclusions of others which, as I have shown, 
have so strongly supported it. The objections are of a most 
trivial nature. One objection made by Vogel is that it is im- 
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probable that the velocitiea could htive been so groat after 
collisioiis. 
He wrote : — ' 

" Nor is the questiou inreatigatecl, how the eiionuous reUtive velocity 
of over 4ti0 miles per secoud caii persist after the mutual penetration uf 
two coamical clouds or meteoric swarms, iuTolving the close [laeiiage and 
inevitable collisions of jmrticles whose m&sBes are of the same order and 
the tmnaformnlioQ of their eaergy of luolioti iuto heat." 

In forinuLatiug this objectiou 1 think Dr. Vogel has over- 
looked the fact that high velocities after collision are moru 
probable in the case of swarms of meteoiites thaii in the case of 
formed stars. 

Ou the meteoritic hj-pothesis we ciui escape from the 
difticulties produced by the old idea of collisions en bloc. 
Such objectors would urge that the velocity of a cotnet aa a 
whole would be retarded by passing through tlie sun's corona, 
but wc have instances to the contrary. 

The motion of individuaJB only is arrested. The main body 
goes on. 

Another objection has been ruised by Dr. Vogcl because, tii 
relation to the Nova, I did not restate all I had previously 
written concerning the origin of bright- and dark-line spectra 
iu stars. 

" Whv all the particles of the denser awarm, or at Ittast luost of theiu, 
■hould give spectra with dark lines, and the puticlet of the spaiw awanu 
(or the iuo«t part, spectra with bright line*, ia not fuKher •iphuiiod." ■ 

I confess this objectiou amazes me, for it is one of the chief 
jiointfi of the meteoritic hypothesis that the main differences 
betweeu bodies giving bright- and dark-line spectra is one of 
condensation only : a sparse swarm givi-a us bright lines t)vcausi: 
the number of melvorites in unit volume is small and the inter- 
spaces ate great ; a more condensed swarm gives us dark lines 
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because the number of meteorites id unit volume is greater, and 
the atmospheres of cooler vapour roaad each meteorite in 
collision begins to tell because the interspaces are reduced. 
The following quotations will show how this matter 



** If we SMume & brigfateniDg of the meteor-<w«im doe to collisi*Mi« a« 
the cauM of the eo-odled new ataiw, we hare good grooDda for sopporing 
tb»t in tbe«e bodies the phenomeua should be mixed, for the reaaon that 
we should bare in oue part of the «warni a nnmber of ci^isioDS prob*Ur 
of close meteorites, while among the oatliera the coUidoos would be few. 
We shall, in fact, have in one part the conditions represented in Cbw 
III<i 'Vogel), and in the other such a coiiditioD an we get in y C^anio- 

"The diaciuaioD of the "beervMions whidi hare been made of the 
changes that take place in the spectra of new sOis. has alreadr shova 
that the sequence <^ phenomena is dtrikinglj similar to that which occors 
in comebTT spectra after periheliun pasage. In general, however, there 
will be a difference : tkam^lr, th»t in comets there U nsoallr onir one 
■warm to be coniMdered. whereas in new stars, there are two, which may 
•>r nur ttot bf eqoallv deju& In new stars, we hare accordjnglj the 
integration of two spev'tra. aud the ^peitrum we see will d^vnd apoD the 
densities and relative Telo>.'ili«s of the tW"> swarms.' ' 

** The spectrum of Nora Aurigw woold »a£:g««t that a dense swarm is 
m>>Ting towanis the earth with a grvot veKvitv, and pasing through a 
«par<er ^warm, which is nNcdiug.' ' 

I am tht' mon? jiisritied in iu^isdiii: u^^on the importance of 
this view thai two Kxties in diff-erenc stages of cindensatioa are 
involv^ bet.'ause, v.?ars after it was formulated br mraelf, 
IV Hag^lns apparently arrivevl m it inJependentlr — at all 
events he makes no reference to my prior announcements when 
he brin^ it tVrwan.1 as an expl&naiiou of the phenomena 
wi;aessed In Xova AiiriiTA. 

'The v-irvonsKUK-e ciu; ;hi? reovdiu^ K<dv enti^te-I bri^t linesy while 
ztu ■^a^ ap(>«.«.-bi'j;j us jF^ve a .-■.■ii;ta'iou3*«(?«euumi wiUi brood ahsorptitHi 
'.'.211*9 stTuUar :>.< a «K-.:e skir. uuv. ^vrKips, be jh>.-i>.'aatwd fLi b* the two 

- Sj..tuVr. IS'T l^vtiw, -'^-.■. *-,. Sn-, kL (liii. p. UT. 
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bijilie^ being in different evolutioiuiT' stage*, and cousequently differing 
iti diffiiseneaa nnd temperature." ' 

Seeing that there are in the heavens thousands of permanent 
bodies with bright and tlioitsands with dark lines in Uieir 
si>ectra, I caanut imagine how it has been difticult for Dr. 
Vogel to understtind how one (temporary) star should have 
bright lines in its spectrum, and anotlier (temporary) star 
should have dark lines. All I can Bay is that upon such 
objectors lies the onus of producing a more simple (and yet 
sufficient) explanation than that I have suggested, and which 
it appears Dr. Huggius ha.s also thouglit out independently. 

I now approach an objection raised by Dra. Huggins and 
Scheiner relating to the spectrum in its latest stJiges. I have 
already shown that all the best observers, armed with the best 
instruments had reco-^nised that the tinal spectrum of the 
Nova was a nebular spectrum with the lines ut ^UO and 495. 

This is not tlie opinion ol Dr. Huggins, who writes aa 
follows : — * 

" We wish to speak at present with great reserve, as our knowledge of 
the Nova in very iucomjilete ; but we do Dot regard the clrciinutAnoe that 
the two groups of hue* above deacribed fall near the poBitioDH of the two 
principal nebular lines as sufficient to show anjr conuectiou between the 
present physical stat« of the Nova and that of a nebula of the class which 
gives these lines." 

To this Prolessor Campbell very naturally and jiromptly 
I replied: — 

" If the spectrunt is not conetded to be nehuLtr, I must ask what eUe w« 
should eipt>ct to find in tlial spoclruii; if U inert tubuiar." * 

The answer to tliat is, that we could not expect lo find any- 
thing else because it is all there. In fact, out of mneteen lines 
observed or photogr^hed by Professor Campbell in the apec- 



' Msj 10. law, Dr. Huggins, Pwe. Sty. Sac., toL li. p. «H. 
' Art. a»d All. PVt., 1893, p. 614. 



ipoiid perfectly with nebular 



tmm of the Nova, eighteen corn 
lilies. He adds : — ' 

"Tberefoi'e the spectrum ia nebular, nud the f^t that the lines have 
remniuecl broad, or umyhnve remaiued multiple, doea not militate against 
the theory," 

The telescopic and photographic evidence o£ the fact that 
Nova AurigtE became a nebula, and Dr. Max Wolf's photo- 
graphs of the Nova and its surroundings in 1893, resulting in 
the discovery of a number of new diffuse nebulai in its vicinity, 
" and even traces of nebulous appendages proceeding from the 
star itself," are not replied to by Dr. Huggins. 

Dr. Scheiner, although he accepts the theory of two bodies, 
explains the final nebular spectrum in a very original manner : — 

" Whatever may have been the circumstances of the blazing up of the 
Nova, it is at least certain that no less tiiati two celestial bodies siiifered 
on intense superficial heating, ao that large masaea of gaa were thrown olT 
from the bodies ae if by an explosion ; and these mnsseB of gas, left 
behind the bodies, may be in such a condition as to give a spectrum like 
that of a nebula." ' 

It would be interesting to iufjuirB what " gases " are in 
question, since two out of the three nebular lines are not 
acknowledged to be gaseous, and also what became of the 
known gases that must have been in the colliding bodies. 

"With reference to the drawing given by Dr. Huggins in 
support of his contention, two remarks may be made, The 
considerable broadening and perhaps even the multiple nature 
of the nebular lines observed by liim are only the natural 
sequel to the phenomena presented by the star before the 
nebulous stage was reached. I have before pointed out many 
possible causes for changes of wave-length ; and certainly the 
broadening of the many lines photographed at first, both bright 
and dark, were in all proljability due to this cause. 

< Ati. and All. Fhy:, 1893, p. 720. 

' Sehnittr't SpeetroKopg, Frost's Truulation, p. 9. 



CHAPTER XV.— THE NEW CLASSIFICATION OF 
STAHS AND NEIJULE. 



The Effect of Condensatios. 

The next point in tlie meteoritic lijtwtlieBia — ihat some of 
tlie lieavenly bodies are increiuing, others Jiiuiuishing their 
tcni])eratnrt! — ia one to which too grv&l ituporUtncp cannot be 
attached. 

It has already l>ecn Ettated. witti reference to the hypothesis 
of Kant aud Laplat-c, and especially Laplace's view that in tlie 
nehula- we have to deal, as also in the atars associate with them, 
with gases at a very high temperature, that on the meteoritic 
hypothesis I am wtnipelltid to differ iu this particular both from 
Ijiplace and alao from Vogel, whn has most industriously 
attempted to establish a classiScation of the celestial bodies 
on the basis that they all are getUng cooler. 

I ha%'e already pointed out tliat in occonlance with thermo- 
dynaroical princijtles, tlie temperature must increase with con- 
densation. A nebula condensing, tiien, must be a nebula 
getting hotter. We have idrejidy seen it demonstrated that 
the bright-line stars are bodies more condensed than nebuhe, 
vonseq^uently they will be hotter than nebula-. 

PmfesBor Darwin has recently demonstrated that swarms 
of tnet«orites in space will liehave exactly like a gas ; therefore^ 
what can be said of the thermodynamics of a gus may be said 
also of the thermodynamics of a meteoritic awarm, and if it be 
ftgreed that ia accordance with d}'namical theory, the tempera- 
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ture must increase with condensation so long 6is the conditions 
of a perfect gas hold good, and if we accept that a swarm of 
meteorites will behave like a perfect gas, then swarms of 
meteorites will also get hotter by condensation. 

But in all such condensations as we are considering a time 
must arrive when the loss of heat by radiation will be greater 
than the gain due to condensation. 

Then cooling begins. 

As an example of a cooling body we have the sun. There 
are many quite independent lines of inquiry which show that 
that body was much hotter in past times than it is at present. 

Now, it is pretty clear that the fundamental difference 1 have 
just pointed out must be largely taken into account in any 
valid system of classification. Of course we must classify our 
stars if we are to speak about them with intelligence, and 
understand the relations of one body or system of bodies to 
another. 

The study of stellar spectra from the time of Eutherfurd to 
the present shows us that only a very small number of groups 
is in question. We seem to be in presence of an evolution in 
which only a very few variables are in operation, and in my 
opinion the phenomena suggest that the only variable of para- 
mount importance is temperature. 

In working out the classification of stellar spectra, which I 
<jommunicated to the Eoyal Society in 1888, the course pursued 
was to study the flutings and lines of the various elements 
given in the existing lists and to fill up gaps in them by fresh 
experimental work with the view of finding the necessary 
criteria. The question, however, was complicated by the dis- 
covery in stellar spectra of many lines the origin of which 
,could not be stated. 

Some time has now elapsed since the classification was pub- 
lished. In the meanwhile the attempts to trace the origin of 
the unknown lines have been contuiued, and the discovery of 
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terrestriitl sources of lietium ami piobably otUer gases, bii» 
thrown a flood of new light upon stellar chemistry. 

I propose to trace the history of the criteria now at our dis- 
posal in tho study of the phenomeim of the stars, and to give 
the results of my latest researches. 

Eablt Classipicatioxs. 

The new classification of stars which has been suggested by 

the totality of the facts and considerations which have so far 

occupied us is not the first clattsitication of the stars by any 



Although the first observations of stellar spectra were mado 
by Fraunliofer, we owe to Rutlierfurd the first attempt at 
classificatioiL In December, 186^. he wrote as follows:^' 

"Tbe star spectra jireMiit «uch vitrieli«« thnt it is difficult to point out 
ftny mode of cluHsificntiou. For tlie present I divide tbeiu into tires 
grou|is. First, tlioae huviiig uiouy liuca nnil bands aiid tuost DMirly re- 
Muibliog the sun, vix., Osp«IU, H Uemiuorum, a Oriouia, Altlebarui. 
T Lvouis, Arctunu, and jS Pegasi. Thvau «ri! all roddiali or gulileu stars. 
Tbe Recond group, of which Siriiis is llitt type, presents ipectra wholly 
Duliki! tlint of tbe sun, aud are wliitv Btara. The third group, conipriaing 
a Vjrgiuis, Bigel, etc, are alao white Btara, but show no lines ; peiha|w 
they contain no miufrral subatauce, or are incandescent without flame. 

" It is not uiy intention to hanjd any conjecture based upon the fore- 
going oltaervations ; this is more properly the provincse of tbe cheniist, 
and a great Accumulation of accurate data should ba obtain«d b«for* 
mftking the daring attempt to proclaim any of the cooatitueiit elementa of 

This L'lassiticatioi) was followed up by Secchl, who pmctically 
adopted Kuthurfurd's three groups, changing, however, the 
word group to type, and adding a fourth. On this point Hr. 
Gould, in his momoiH of Kutherfurd, writes : — 



" t eannol forbear calling attention to the cUaaification, 
lubaequentlv published by Secchi vithoui ruference 



' Amtriton Jcmrual of ScUm/n, toL lixr, p. 71. 
' Ke*d before tbi Natiooal Academy, April, 189S. 
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any of tbe other Ubours of Rutherfurd, and which ie geuenllj oit«d 
under Secchi'a name." (See Schemer, p. 258, and Trandation, pp. 235 — 



In theae and other subsequent classitications it has been 
taken for granted tliat uebulce Lave nothing whatever to do 
with stars, and that all the stars lie along one line of tempera- 
ture, the highest temperature being at one end, and tbe lowest 
at tbe other ; such, at all events, is Voyel's view. Now we 
have to consider that nebulte are stars to be, and that some 
apparent stars are really nebulie ; and further, tliat tbe undis- 
turljed nebuliG are of relatively low temperature ; hence we 
have bodies getting hotter as well as bodies getting cooler, and 
both must 1)6 provided tor. 

In 1873 Dr. Vc^el brought out a new and much more de- 
tailed classification considerably extending the number of 
groupings employed by Rutherfurd and Secchi. Tliis classifi- 
cation is based on the assumption tliat all stars began by being 
very hot, and that the various changes observed in the spectra 
are due to cooling.' It was taken for granted, for some reason 
or other — possibly in view of the idea of Laplace — that all the 
stars in the heavens l>egan in the condition of highest tempera- 
ture, and that all that the stars dirl after that was to spend 
their millions and billions of years of life in getting colder ; so 
that, if we could at the present moment find out which is 
the very hottest star in the heavens, we might be perfectly 
certain that every star in its beginning resembled it exactly in 
spectrum, and therefore in physical constitution : the presence 
of bright lines is considered as a matter of secondary im^xirtance 
only, and gives rise to sub-groupings only. 

Dr. Scheiuei' has quite I'ecently reiterated ihis statement. He 
appeals to his " new " observations of tlie spectrum of magnesium 
as a " direct proof of the correctness of the physical interpre- 
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tation of Vogel's gpectral classes, uccording to which Class II 
ifl developed by cooling from I, and III by a further process of 
cooling from II.' 

IVchiile wtts the first to object to Vojjel'a classitication, mainly 
oil tlie ground that Secchi's types 3 and 4 had been impnrjpeily 
brought together.* The views brought forward in supiwrt of 
the meteorilic hypothesis cut at the root of such a classifica- 
tion as this. 

It is perhaps worth while in passing to point owt that in 
1886 I stated, taking the then classification as a basis: — ' 

"■ On the nubuUr bfpotheaiB, BoppoeiDg .... that we stnrteil with 
ordiDary coniotary waterialK, then, ou tlie bcgiiming of a centra] conden- 
I utiou which in time is U> become a atar, bm Kaiit nnd Lnplncp tiiggesled, 
■uch central coDdeuaation should then give us a star of thi^ fourth clua. 
A4 the energj of condensation Increased, and the temperature got 
higher, the spectra would chauge through the third and Moond claoam, 
till ultimately, ipheu the temperatvrt vat highett, the ()r«t class spectrum 
would be reached. fJn the tlackening dotrn of the lemparature of ihe now 
formed itar, the ejiectra of the second, thini, nnd fouKh chusea would 
then be reproduced, but, uf course, now in the direct order." 

We now know that this clussiticntion will not do, since all 
reference to Ixtdies with bright lines in their spectra is omitted : 
every one now, however, as I ha\e sliown. agrees that they 
must take the first place as representing " early evolutionaiy 
forms," and this is one of the t^^-aehings of the views I have 
been bringing fonvard for the last ten years. 

The idea winch one arrives at by a discussion of all the 
■pectroscopic facts is that we begin with a condition in which 
tueleoritea in swarma and streama are very far ai>art, and 
from the collisions of these a siiectmm results which gives us 
bright Hutings and linus, in other words the spectrum of the 
nebulie ; when they become a little more denae, we get the 

■ Aet. and Att. PAy>., ISM, p. 671. 

' Ibe detaili of Togel'i cLunReatinn and Pechiile'i critirifm* an giTm in raj 
Hrltorilie llypolhti; pp. 8«G-<i. 

■ Sat»rt, rol. uxit, 1886, p. 138. 
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brighHine stars ; and as they become denser still, we find the 
stars with a mixture of bright and dark llutings. Then still 
more condensation and dark lines, and at length the highest 
temperature of all ; after which begins a descent on the other 
side, till at last we end in cool, dark bodies like the earth and 

This seems to be the classification which is necessitated by 
the consideration of all the facta ; and it is, moreover, one 
which appears to give us possibilities of an explanation of the 
phenomena of new stars and variable stars, and many other 
things without going into the region of the unknown and im- 
possible. 

TEMPKRATURE-C UBVE. 

It also lands us in the so-called temperature-curve along 
which I ventured to place the various classes of nebidiv and stars 
some time ago. I am glad to say that so far no valid objection 
has been made to it. 

In the first instance, minute differences were not in question. 
"We can understand from the photographs given in Fig. 71 how 
perfectly justified Eutherfurd and others have been in attempt- 
ing to classify the stars by niciins of their spectra. In Sirius 
we get one group of stars, distinguished by the development of 
certain lines, which are due to the absorption of hydrogen. In 
<t C'ygni the hydrogen is represented quite distinctly, but the 
absorption tliere with regard to certain lines is much more 
developed than in such a star as Sirius. In Arcturus the absorp- 
tion of the Iiydrogen is ahnost hidden in an enormous mass of 
lines. Here again we have another large group, and it is not too 
early to remark that Arcturus in its spectrum exactly resembles 
our own sun. Thus we can say that, speetroscopically speak- 
ing, the sun is like Arcturus, not like a Herculis, « Cygni, 
and so on. 

It will be noticed tliat in the classification I have sui^ested 
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I use the word "group," first employed by ICutlierf urd ; it is 
one vhich ought uever to luive beeu chnnged. 

With regard to tliia subject, Trofessor Keeler agrees that a 
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q^aaytf^' '—" 



cliissificatioii wiiich depends on this temperature curve has 
advantages over other systems. He writes : — ' 

" Professor Lockj*er'8 aystem of stellar clasaificatioii provides for both ait 
aacending and a, deacendiiig branch of tlie temperature curve, and in this 



Att. and Alt F^r., I 



r««p«ot it certainly has Atlvautagija over other aysteniB wlitcli cUiui to 
have a ratiooAl baais." 

Mr. Frost, the translator of Sclieiner's book, writes aa 
follows : — ' 

" Many spectroacopistg are uQwilUng to kdniit that the oiilj coiiras of 
ittellar lievelopnient visible to us is along a line of deacending terap^m- 
ture ; in other wonis, they conaider it quite ua prolvtble tliut the white 
Btnra represent the ' oldest ' as tile 'youngest ' phnae uf stellar evolution. 
The further ijueation niny be mised — Is it not powible thnt a celcHtiRl 
body, after having reached the condition in which we define it ns a atflr, 
may twice be red and exhibit a sjiectrum of the tliinl type, ouce in iu 
' youth ' and again iii its ' old age ' I In view of the fact that a gaseous 
bwly contracting under its own gravitation rises in temperature, niiiil 
tile laws of perfect gaae« cease to apply to it, we can hardly assert that a 
red Htar may not become hotter (uuder its own proportion of gaseous and 
liquid constituents) and finally ]>am into Class tia or In." 

On this para^ph I may remark that a reference to the 
names of the inani/ spectroscopists who do not accept tlie idea 
of a line of descending temperature only, would IiavL- been very 
interesting. 

Mr. Frost then goes to say : — 

" Nevertlieleis, Vogel'a view tliat we can observe only the descending 
branch of ilie temperature curve of stars ap|>eara to be coufirmed by 
many of the more recent siiecti'Oscupic discoveries. We may cite the 
evidence alforded by the gaseous stars, by the intimate connection of 
nebulce with stare of Uie first lLus, by the fact that the algol ty|w vari- 
ables — ap|>an'utly young syst«iu»^H'long lo the firet class, and by tho 
relatively sliglit denaity of the binarie* with spectra of Type la aa co&i- 
|Mred with thuea of the solar class." 

I have given the above extract iu fairness to Mr. Frost, but I 
must confess I do uut follow his line of reasoning. It seems, 
also, to contradict the preceding paragraph. 



PROFKSSOH PiCKERIXO'a C'LASSinCATlOS. 

In the classification of stats adopted by myself from a con - 

sidenitiou of the i-isuol observations in the first instance, only 
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the broader differences in the spectra were taken into account. 
Profesaor Pickering, however, has suggested a provisional 
classification in connection with the Heniy Draper Memorial, 
for this purpose using the series of photographs of stellar spectza 
taken with small dispersion. 

■ I am more glad than I can say that Professor Pickering, 
who has now given many years, with the aid of appliances 
beyond all precedent, to the study of these questions, has 
arrived at conciuaions strikingly similar to my own. 

In the first place he includes the nebula; as well as the stars 
in hia systejn ; but it is right that I should add that he does 
not commit himself to any statements relating to the relative 
temperature of the different groups, although he distinctly 
accepts the idea of evolution, or what he terms " an order of 
growth." 

He writes : — ' 

"In geDeral, it may be stated that, with a few exceptions, all the Btais 
via; be arranged in a aeqiience, begiuniDg with the planetary nebalie, 
paaaing through the bright-line stars to the Orion stars, thence to tfae 
first type stars, and by insensible clianges to the seconii and third type 
stars. The evidence that the same plan governs the conatructioa of all 
parts of the visible universe ie thus conclusive." 

Professor Pickering's results may I>e shown in tabular form, 
but first it will be well to show the general differences between 

the more recent classifications ; — 
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In his classification, Professor Pickering, unlike Vogel, 
includes what I consider as the earliest stages, taking the 
planetary nebulae and such nebuhe as that of Orion into con- 
sideration ; he then comes to the bright-line stars, that is, stars 
in which bright lines fomi the main feature, and then to such 
stars as those of Orion ; and he ultimately places the Sun, as I 
also do, after such a star as Sirius. 

There are two departures in liis classification from that given 
by myself. One is that what I call the mixed-fluting gioup of 
stars, that is, stars with both bright and dark flutings, repre- 
sented by several of the red, and brightest, stars in the heavens, 
he makes older than the Sun. And the class of stars which I 
group togetlier and call Group VI, in which we get mainly the 
absorption of carbon in the atmosphere, he omits altogether, 
possibly for a very wise reason, as they are certainly the 
most (lifhcult stars to tackle ; but, after all, the divergencies in 
his cLissification from mine are small as compared with those 
iKJtween Dr. Vogel and myself, and Pickering, I rei)eat, like 
myself, attributes the variation to an " order of growth." 

This premised, the differences of sequence l>etween Professor 
Pickering and myself may l)e shown as follows: — 

Lockjer. Pickering. 
I I 

II 

III III 

IV IV 
V V 

VI II 

Professor Pickering, in the Draper Catalogue, combines like 
stars under the different letters of the alphabet. Tlie distribu- 
tion of these letters in relation to my Groups is as follows : — 
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, Sebule 1 

; Bright-line atari f 

Hiied fluting sbtM 

' Dark-line ttart (aiccndingj . . . . ' 

Broad hydrogen itan 

Solar (tan 

I Carbon absorptioD atan 



Fkkrring. 

(Dnper cateloga«.) 



P. (Planctarj nebala) 



It will be seen that certain groups are represented by more 
than one letter, but it is to be noted that here t^ain Professor 
I'ickering and myself have arrived at verj- nearly similai results, 
for generally a different letter with him represents a sub-group 
with nie. Tliis will be gathered from the subjoined table. 

TABLE anOWISa the SCBDIVI3I0S3 of QEOrPS III AXD T. 



v^ 



K-L. 



With regard to Professor Pickering, then, I have cliieBj to 
justify the place I have given to the stars of my Group II, 
which I place after the nebula- and bright-line stars fas before 
defined), aud he places after the Sun. 

I fancy that one of tlie reasons wliich lias led Professor 
Pickering to this conclusion is to be found in the assumption 
that strong indications of calcium and iron can only mark one 
stage of growth, while I think it is certain they must mark two. 

We know they mark tbu present stage of the Sun's history, 
and taking meteorites as we find them, a relatively low tem- 
perature would provide us with more calcium and iron vapours 
to act as aljsorbers round eaeli one than anything else. 

Now we have strong indications of calcium and iron absori>- 
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tioii in such stars as a Herculis as well as in the Sou, repre> 
seiiteit among the stars hy CapctUa and Arcturiis, but the 
general a))pearnDce of the spectra of tJiese stars is so different 
that both Secchi and Vogel liave classitied them aiwirt, and so 
indeed does Professor Pickering. 

lint the reason that I classitied these stars also in different 
groups, and one on the rising and the other on the descending 
ami of the tem]>erature curve, was that in tliose like a Herciilis 
we have enormous variability us well as hright lines and tlutings 
indicative of sparse swamis, while in those like the Sun the 
production of such phenomena is almost unthinkable. The 
special variability of stars of my Group II (Secchi's type III) 
and the production of bright lines at maximum is now freely 
acknowledged. On this point i'rofesaor Pickering remarks' : — 

" Long pvriod variables in general are of the tliirJ type, nnJ have tli« 
hydro)(cii liucB bright when near iheir maxima, aa atateil atiore. Thig 
pn>|)erty has led to Ike discovery of more than twenty nbjeeta ■>f thi* 
eluaa, ami no exception has beeii foiiml of a star having thia spectrum 
whoMi light doea not r«Ally vary. Ot the rariablea o( long fwrioil which 

I have becu diacovePed viaiially, tlic hydrogen line* ha^* been photographed 
aa bright in forty-oii», the greater portion at the otbera being too foiul or 
too red to be studied wilJi our |ireseMt meaua." 
As said before, it seems impossible to imagine how our sun, 
ta it proceeds along its " order of growth," should change into a 
IXMly with such charactarislica aa these. But on this point w« 
must wait for more lorgc'scate photographic spectra; in otiier 
vorda, more facts. 
Associated with this change in the order of evolution. Pro- 
fessor Pickering classes the chief stars In Orion, such as Bella- 
trix, characterised by spectra containing tlie dark lines of 
hydn^n and the cleveite gases, together with a few other 
dark lines of unknown origin, as early forma. On this poiuc 
X may also quote the following from Professor Campbell 
'Aatmtmny and A^ro-Pkysiet, 1894, p. 475) ; — 

> Ami. mmd Att. Pkg*., ISM, p. TO. 
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" In coucluHion, I thiuk we can say, from the foregoing obBerr>,ti<iiu, 
that the spectra of the Wolf-Ba;et stars are Dot closely related to any 
other known type. They appear to have set-end points in common with 
the nebular and Orion type sgiectrH -, but the last two appear to be much 
more closely related to each other than to the Wolf-Rajet spectra. It is, 
therefore, difficult to place these stars between the nebulte and Orion 
stars. They ceitainly do not come afier the Orion stars, and ooe does 
not like to place them before the nebnlte. We can probably say th&t the 
bright lines are chromosptieric, owing their origin to very extensive and 
highly heated atmospheres, but showing very little relation, in constitii- 
tion and phyaicai condition, to that of onr own sun. For the present, at 
leaet, this type of spectrum must bo considered as distinct from every 
other known type, just as the nebular spectrum is distinct, and like 
the nebular sfiectrum containing lines whose origin cannot now be 
Bsngned." 

I shall show in the sequel the real cause of the great simi- 
larity of the spectra of tlie eo-called Orion stare, and of the 
nebulas as revealed by the new work. It is now possible to 
demonstrate that these bodies represent the extremes of celes- 
tial temperatures, and hence in any scheme of evolution they 
cannot be placed near each other. 



Dn. Scheiner's Views. 
Although Dr. Vogel and others apparently still hold in the 
main to the classification which assumes that all stars were 
created hot, and that nebulte have nothing to do with them ; 
that, in short, every star began in the highest stage of tempera- 
ture, so that the whole history of every star in the heavens has 
been a process of cooling, there are signs of wavering here and 
there ; some of the definitions are being changed to meet tHe 
facta which the photographic record is pouring in upon us. I 
may take, as an instance, the following statement made by Dr. 
Scheiner with reference to a Cygni, which is classified by 
Dr. Vogel as a solar efcar.' 



' Tlw "figUM*" referred U 
ciperienoe in the*e matten ii 



of a photograph. Uy 
pure waste of time to measure a 
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" These figurea plainly abow that the apectnim of ■ Cjgni, in spite of 
the Urge □iimbar of its linea, ba« na reseublniice with that of the buu. 
While it is possible to identify most of the lines with solar Hoes in respect 
to their position, yet the lutai lock of Agreement as to inteiisitj' of the 
lines makes taniiy of theiie i J entifi cations worthlesa." ' 

A comparison of enlat^ed ptiotographa of th« spectra of 
« Cygni aod of the sun whic/i Br. Vagel classes hyclker, shows at 
once the dissimilarity pointed out above without iiny nieaeun:- 
nieut whatever. I am glad to fiud that Dr. Scheiuer uow 
regards the identiticatioD as " TForthless," because it is such 
differences as these which have compelled me to reject Dr. 
Yogel's classiti cation. 

As I shall show, it is in relation to t)ie stars lost referred tu, 
namely, those called the Orion stars, and others like a Cygni, 
that laboratory study of the spectrum effects produced at the 
highest temperature must be appealed to before any final cou- 
duuion may be drawn wiili regard to tlieir ultimate classifica- 
tion; Bud, iudee<1, it ia not too much to say that much of the 
vork of the future, which eventually must smooth dowu all 
differences between stellar classifications, must consist of the 
study of single lines in the spectra of different stare. 

photognph uatil it hu been oompftrod witli othvrt lo wliiidi it i$ importent t* 
rafor it, mlarg«] up to the nudc xale. Id this I think I onj Protmor 
KhIft with nie (Jil. aad Jit. Pigi., 1894, p. 485). " The coinciitrmw of 
, . . line* it ihoWD more beautifully bf inipertion of ... . pboto- 
{r»pL* than by any procen of mcMurcment." 

Jilronomieal Sptctraitopf, Froit'a tnuilalioa, p. 247. 



CHArTER XVI.— THE XEW CLASSIFICATIOX TESTED 
BY rH(3T0GRAPHS OF STELLAE SPECTRA. 



The Object of the Inquiry. 



Having said so much on the different chissifications of stars, 
and indicated, I tnist judicially, that the one suggested by the 
meteoritic hypothesis has met with no serious objections, I 
now pass on to some recent work which was undertaken to test 
it by a limited photographic survey. In the first instance I 
had used the eye observations of others, for the reason that 
up to that time all my work had been cliieHy directed to the 
sun. 

So soon, however, as the research rendered it necessary to 
determine the sun's true place among the stars in regard to its 
temperature and physical conditions, arrangements were made 
to photograph the spectra of stars and nebukv, in order to test 
the view, einploying a quite new basis of facts. This new basis 
of inquiry consists of 443 photographs of 171 of the brighter 
stars. 

My object was not so much to obtain photographs of the 
spectra of a large number of stars, as to study in detail the 
spectra of comparatively few ; hence many of the stars have 
been photographed several times with special exposures and foci 
for ditTerent regions of the spectnim. 

As in the case of stellar spectra observed by eye, the photo- 
graphic spectra vary very considerably in passing from star to 
star. 
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Having tliis new and accurate basis of inductiou, the objects 
were to deLerniiue wliuther the hyjwtheais founded on eye 
obgervations ia also demajided by the pliotographs, and in the 
aiTirmative case to discover and apply new tests of ita validity 
or otherwise. 



The Method of Grouping. 

The Iwisis upon which the first grouping ot tlie photographs 
was founded was the extent of the contiintous radiation at the 
blue end of the spectrum. Such a diatinction was not possible 
in the case of the eye observations first discussed. 

One of KirchhofTs first conclusiona in the infamy of spectruin 

\ analysis was that the hotter a light source the more its 

I spectrum extends towards the violet and ultra-violet; and it 

a fact of common knowledf^ tbat a whtt«-]iot poker is 

I hotter than a red-hot one, the differeuco in colour being due to 

the addition of blue and violet light in the former case. 

On this point I wrote as follows in 1892 : — 

" An emineuiiH idea with reg&rd to the iiidiciitions of llie tempenttiire 

I of tLe Stan hn« been held by thotie who have not i'r>iiHulered the matter 

' apeciaJly. Tl hnsbeen inukgiiied thstthe preseiice of tbe«eneiof bydnigen 

an ill the ultra-violet w«» of itaelf safficienl evidence of a very high 

teni|*ralure. The ex)>erimenta o[ t:oniu, however, hare Rhowii that tlie 

coru[<let« seriL'H of liiici) out lie iwnn with aii ordinary H|nrk without jar. 

Hence the high temi>entiir« of such a Btar aa Siriiw is not indicated by 

the fart that il« Hjieclnim ahowa the whole eeries of hydrogen linen, 6ii{ 

I iiy the/act that t^trt it brigkt continnant raiiiation/w in the uUra-rioleL" 

We shall not go tar wrong in supposing that the star with 

[ the most iniense continuous radiation iu the ultra-violet is the 

hottest, independently of alisorbing conditjons, which, iu the 

sbeeuce of e^'idence to the contrary', we must assume to follow 

the same law in all 

A study of the stellar phot<^rapl]B taken at Kensington 

I shows that there is a considerable variation in the distuicc to 

which tlie radiation extends iu the ultra-violet. Some stellar 
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spectra stretch far into the ultra-violet, while others leave 
off about the line K, and others agaiu become dim between K 
and G. 

Judged by this criterion alone, some of the hottest stars so 
far observed are 7 Orionis, f Oiionis, a Virginia, 7 Pegasi, 
7) Ursre Majoris, and X Taiiri, Of stars of lower, but not much 
lower, temperature than the above, may be named Eigel, f Tauri, 
a AudromeJic, ^ Persci, a Pegaai, and S Tauri, 

The first thiug, then, to be doue was to adopt this sorting 
proceas to all the photographs of stellar spectra I had 
available. 

As a result of this preliminary sorting I obtained four 
marked groups ; and wheu it was completed, I was in a position 
to consider the various divisions of the photographic spectra 
thus arrived at in relation to the groups which were pre- 
viously suggested from a discussion of eye observations. It is 
clear that if I got the same results the first conclusions would 
be atreiigthened. Since I had succeeded in obtaining lai^ 
dispersion photographs of the spectra, mucli detail was revealed, 
and hence I determined to deal with the presence or absence, 
or changes of intensity, of individual lines to a greater extent 
than Professor Pickering has done in hia observations so far 
published. 

Eacli of the four main gioups determined by the lengtli of 
spectrum in the violet was therefore next sub-divided into 
sub-groups by the most marked differences in the spectnil 
lines. I do not propose to give the detailed inquiry in this 
place. 

The FiBST Eesults. 

The important fact wliicb stood out when the photographic 
attack had got so far was that, whether we took the \'arying 
thicknesses of the hydrogen lines or of the linei of other 
substances as the basis for the sub-arrangement of the spectra. 



I 

■ 
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it was uot possible to place all the stars in one line of 
temperature, but it waa necessary to airai^ the stare in two 

It must specially be borne in miiid that the fundamental 
(liSerence between other classifications and my own is that it 
demands the existeiicv ^^ bodies of increasing as well as bodies 
of decreasinj; temperatures. We have, therefore, to inquire 
how far this condition is satisfied by the mass of new facts at 
our disposal. This involvt-s the consideration of some point* 
in connection with the uieteoritif hypothesis and a preliminary 
consideration of the probable effects of both increasing and 
decreasing temperatures. 

Early in my researches I pointed out' that the alisorption 
phenomena in stellar spectra need not be identical at the same 
mean temperature on the ascending and descending sides of tlie 
curve, since, on the ineteoritic bj'potliesis, there must be a 
cons idem ble difference in the physical conditions. 

Still it waa not to l>c expected that the differences in tlie line 
' absorption would be very marked, and when I tirBt suggested 
the new classificatiou I fully recognise<l the difficulty of sepa- 
ratiDg Groups III and V. TIius I wrote in 1888 : — 

" With our preaeDt knowledge, it in very difficult to wjArate thoae 
■tan the gmuping nf which i> i]el«mtincd by line Abwrjition into 
Grnupa III ftuil V, for th« reason that m> fur, seeing tliKt ouly uue liii« of 
teuipeniture, anil tbitl a d«accnding one, hu been oouMidureU, no eHbrta 
have Iwen made to etilatiliab the ne<wHary criteria." 

In the following year I gave the results of some visual obser- 
vations of stellar spectra which seemetl to juatity the separation 
of tlie stars with lino sj>ectra into two groups, and to suggest 
the necessary criteria for distinguishing them. 

In a condensing swarm the centre of which is undergoing 
ineteoritic twimbardment from all aides, there cannot be the 
equivalent of the solar chromosphere ; the whole mass is made 



■ Fr«#. Sof. 8«e., tol. ilir. p. S6. 
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up of heterogeneous vapour at different temperatures, and 
moving with different velocities in different regions. 

Some of the colllsiona may be end-on while others may be 
mere grazes, so that a mixed spectrum of high and low tem- 
perature lines might be expected. 

In a condensed swarm, of which we can take the sun as a 
type, all action produced from without has praeUcally ceased ; 
we get relatively a quiet atmosphere and an orderly assortment 
of the vapouis from top to bottom. But still, on the view that 
the differences in the spectra of the heavenly bodies chiefly 
represent differences in degree of condensation and temperature, 
there can be, mi fowl, no great chemical difference between 
bodies of increasing aud bodies of decreasing temperature. 
Hence it is exceedingly probable that at equal mean tem- 
peratures on opposite sides of the temperature curve this 
chemical similarity of the absorbing vapours will result in 
many points of resemblance in the spectra. 

This being premised, it is desirable to obtain a first approxi- 
mation to the various phenomena which may he e-rptcted to 
occur under the different conditions of ascending and descending 
temperatures; considerations relating to the special chemical 
indications involved must be considered later. 

The material involved in the discussion, according to tbe 
hypothesis we are dealing with, is meteoritic in its nature, and 
its temperature is low. Tliis is the antitliesia of Laplace's view, 
who held that it was gaseous and hot, and the first bodies con- 
sidered, in which, owing to collisions, a condition of greater heat 
and visibility has been brouglit about, ai'e the nebulie and bright 
line stars. These constitute Group I in my classification. From 
these collisions, under the action of gravity, condensations ■will 
be produced. 

Initially each pair of meteorites iu collision may be regarded 
as a condensation. 

Ultimately, when all the meteorites in the ewarm wliich first 
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appeared as a nebula are volatilised, there will only be one 
condensation, in tlie simpe of a R]>herical mass of vapour, 
Between these points there must I)e other conditions. 
I will take each of the groups Beriatim. 



Group I. — JVelnilte and Bright Line Stars. 

Here we shall be dealing chiefly with interspaces, and, there- 
fore, with gases, as opposed to metallic vapours. 

The bright lines seen in the nebulae should have three 
origins : — 

(1) The lines of those substances which occupy iho greJiUisL 
volume (or lurtjest area iu tx suctiim) ; in other words, 
the lines of those substances which are driven furthest 
out from the meteorites and occupy the interspaces, 
when possibly they may be rendered luminous by elec- 
tricity. These, of course, will be goaes. With regai^d to 
the metallic lines the following assumptions may be 
made. 

(2) The most numerous cnllisions between the meteorites 
in the swurm will be partial ones — grazes— sufficient 
only to produce slight rises in temperature. The 
nebular spectrum, so far ss it is produced by this cause, 
will therefore depend upon the phenomena produced in 
greatest numl«er, and we may therefore expect to find 
tlie low lemperatim! lines of vaiious metallic sub- 
stances. 

(3) In addition to the large number of partial collisions 
there may be u relatively small nunilter ot end-on 
collisions, producing very high temperature, and so fur 
as this cause is concerned, there way be some metallic 
lines pi-oduced wliich are associatetl with very high 
temperatures. 



282 THE SUITS PLACE IN NATURE. (chap. 

On the lij-pothesis, the lines seen in the 8pectra*'of nomutl 
bright-line stars should, in the main, resemble those which 
appear in uebuLE. They will differ, however, for two 



(1) Owing to partial condensation of the swarm the 
gaseous area will be restricted, and the bright lines of 
gases will lose their prominence. 

(2) On account of the increased number of collisions, 
more meteorites will be rendered incandescent, and the 
continuous spectrum will be brighter than in nebulae. 

Group IT. — Stais with Bright and Dark Flutings. 

At the stage of condensation following those of the nebulaj 
and bright line stars, the bright lines from the interspaces 
will be masked by corresponding dark ones produced by the 
aI)8orption of the same vapours surrounding the incandescent 
meteorites. One part of the swarm will give bright lines, 
another dark lines at the same wave-lengths, and these lines 
will lose their importance in the spectrum. The interspaces 
will be restricted so that absorption phenomena will be in 
excess, and the first most obWous absorption will bo that due 
to low temperature vapours, that is, fluting absorptions of 
various metals. Under these conditions we know from labora- 
tory experiments' that the amount of continuous absorption at 
the blue end will be at a maximum. Tlie radiation spectrum 
of the interspace will now be chiefly that of the gases evolved 
from meteorites. 

The final condition of this stage will be that line absorption 
will become more developed, and tlie fluting absorption will 
decreaae, both conditions being produced in different regions of 
action in the agitated swarm. 

■ Lockjer and Roberta- Au si eo, Froc. Roy. Soe., 1875, p. 8U. 
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Group III.— Stars of LiawMmj TeviitTatun- v-ith Liw. 
Sjiectrri. 

With fiirtber condensation the ntdiation spectrum of the 
interspaces will disappear, and the fluting absorptions will be 
completely replaced by dark lines, for the reawjii that the 
incandescent meteorites will be surrounded by vajwurs produced 
at a higher temperature, the number o( violent collisions per 
unit time and volume being now greatly increased. The line 
absorption and the continuous absorption at the blue end of the 
Bpectrum will diminish. The number of violent collisions per 
unit time and volume being still further increased, we should 
expect finally to deal only with those lines which have been 
gmdually getting stronger, from whatever cause, during the 
previous slagea. 

It may be stated generally that, while the intense antl 
irregular action is going on in various parts of the condensing 
mass, we may have effects which are much less likely to lie 
produced after the action has ceased. We may f;et indications 
of many diflerent temperatures, and the lines maybe broadened, 
oa they are in Novy, in consequence of different velocities. 

Gi-oup IV.—Slars of the Hi<jhtst TtmprraUut. 

The stars with the simplest Une absorption arc collectwl 
together in Group IV. These stars will present to us the final 
result brought about by tlie successive stages of condensation. 
The continuoua absorption in the violet will be at a miuimum. 



Group V. — Stars of DeereaMng Tempfrature. 

When we consider the cooling condition, that is, what 
I happens when the temperature of the mass of vapour ia no 
I longer increased by the fall towards the centre of meteorite» 
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composing the initial swarm, we should expect to find the 
phenomena met with in stars with ascending temperatures 
presented in the main in the inverse order. These stars fonii 
Groups V and VI. 

The lines seen broadest at the higher temperatures will con- 
tinue to tliiu out. At an early stage the spectra will show the 
re-iutrodiiction of some of the Hues which disappeared in the 
later stages in the ascending series. 

Tlie new lines will not necessarily be the same as those 
observed in connection with the stars of increasing tem- 
perature.' In the latter there will be the pei-pctual explosions 
of the meteorites affecting the special atmosphere of each, 
whereas in a cooling mass of vapour we have to deal with 
general phenomena. 

With this increasing line absoqition there will be a reciir- 
rence of the continuous absorption in the ultra-violet. 

With the further thinning of the liues broadest at the higliest 
temperature and reduction of temi)erature of the atmosphere 
the absorption flutings of compounds should come in. 

So mucli, then, for what we should expect, assuming the 
hypothesis to be tnie. The result of the photograpliic survey 
quite justified tliese conclusions, and the remarkable facts stootl 
out quite clearly — 

(1) That the stai-.s may be truly classified into two series, 
one of ascending, anotlier of descending, temperatures, 

(2) Tliat at the highest temiKjraturcs in both series we 
deal chiefly with liydrogen and the Cleveite gases, as 
already stated in Chap. V, while at the lower tem- 
peratures on both sides we deal chiefly with low tem- 
perature arc and flame spectra of the metallic elements. 

' Proe. Rog. :ior., toI. lit, p. 3iSi. 
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Of the intennediate stars tlie knowledge was not so absolute, 
an<l obviously a further study was required. Mauy lines were 
classed as unknown, an<I the departures from the intensity of 
the lines in the spectra of the metallic elements were very 
marked. 

As had b(Hni anticii)ated, there were some marke<I variations 
in the stellar sjK'ctra, which on other grounds appeared to be of 
about the same mean temperature on both arms of the curve. 
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CHAPTER XVII.— SOME XEW LABORATORY WORK. 



Its Object. 

I SHOWED ill the last chapter that, although tlie photographic 
survey of stellar spectra which I had undertaken appeared to 
amply justify the classification which was based on the meteo- 
ritic hypothesis in the Ttmin, there were difficulties and uncer- 
tainties which required to be studied in the light of further 
work. 

These difficulties had to do with the stars of intermediate 
temperature in which the intensities of some of the metallic 
lines were widely changed. 

That the intensities of such lines could chancre had been lon^' 
known, but, unfortunately for the present inquiry, dealing with 
the photographic region, the old observations had been made in 
the visible part of the spectrum cliiefiy and in relation to the 
sun, in which body changes of line intensity of the most 
remarkable character had been recognised and commented upon. 
It became of importance, therefore, to extend the observations 
of terrestrial spectra into the photographic region for the pur- 
pose of makingjthe comparisons which were necessary for con- 
tinuing the inquiry into the stellar spectra. Accordingly this 
work, which consisted of photographing metallic spectra at the 
highest available temperature, was next undertaken. In order 
to show [the precise reason for it a few words by way of 
introduction are necessary. 

Long and Short Lines. 
As early as 1872* I showed that when an image of a light 

* FhiL Trant., 1873, Yol, clxiii, Part 1, pp. 253—275. 



SOME NEW LABOEATOBY WORK. 

yuui'ce is thrown on the slit of a spectroscope the linen Are seeii 
of different lengtha The long lines represent the Tnpours 
which extend furthest from the centrt; of the light source, the 
short lines those wliich exist only at the centre. The adoption 
of this method of work enabled me to establish that when a 
metallic vapour is subjected at any one temperature to admix- 
ture with another gas or vapour, or to reduced pressure, its 
apectmni becomes simplified by the abstraction of the shorteM 
lines as well as by the thinning of many long ones. 
In another communication.' in 1873, 1 added that — 

" The test formerly relietl ou to decide the pruence or abaeiice of a 
metal in the sun (namely, the pRseiice or tvbeeiiw of the bright«8t «nil 
Btrongest lines of the metal in queation in the areragc solar apectmni) 
waa uot a final one ; Wid diat the trae tent wa» the jircHence or absence of 
the lonffvt line." 

I gave a photograph of the spectrum of iron produced when 
an image of a horizontal voltaic arc was passed between iron 
jioles and projected on to the vertical slit of a Steinheil spectro- 
scope. 

On the strength of the criterion thus established, I was 
enabled to announce the presence of many metallic elements in 
the sun's atmosphere uot hitherto detected. 



Sofiu Short Links indicate the Effects or High 
Teuperati'res. 

U was generally assumed in the first instance Uiat the short 
lines wen true prodnctA of the greater beat of the centre of the 
arc. 

Subeeqnent work with the jar spark, in 1676' and 1878', 

> Fkil. TramM., 1874, toI. cliiT. Part X. p. 400. 
' Troc Bag. See., loL iii». p. SB8, 
' JHd.,ro\. uTiiiip. 167. 
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showed that at spark temperatures eome of the shoiter arc lines 
behaved differeutly from others. Among these lines may bo 
mentioned the two lines of calcium producing the solar lines H 
and Kaud two lines of iron at49241 and 50186 (on Rowland's 
scale of wave-length). 

Tlmse lines were enhancfd in intensity mi passing from the 
tevipenUure of the arc to tftat of t/ie ^ark, wliile many similar 
lines disappeared; it was found that the lines thus eahanced 
in intensity were of considerable importance in the spectrum 
of the solar chromospberii. 

These facts seemed to show that short lines might be pro- 
duced by two causes : (l)the increased temperature of the centre 
of the arc ; (2) the rapid breaking up of the solid metal used as 
poles into various complex molecular groupings as tlie vapours 
passed from the core to the outer edge of the arc.' This last 
action was apparently responsible for by far the greater portion 
of the short lines. 

Flame Ahc, akd Spaek Lines. 

In 1879 I attempted to carry the matter further by volatilis- 
ing those substances which give us spectra in a Bunsen flame 
and passing a strong spark through the flame, first during the 
process of volatilisation, the substance being put into the flame 
just below the platinums ; and then after the temperature of the 
flame has produced all the simplification it is capable of produc- 
ing, the substance in this case being introduced into the base of 
tlie tlame. The piissage from flame to spark represented a 
stronger case than the passage from arc to spark, and the \-iew 
that the above-named two causes were at work was greatly 
strengthened by the observations of magnesium, lithium, and 
many other metals. In the first place, the differences ob- 

' Froe. Sag. Soc, 1879, toI. hi, p. 22. 
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served in dealiug with diH'erent quantities were attributed to 
tlie fact that " the more there is to dissociate, the more time is 
required to run through the series, and the better the first stages 
are seen." 

Further, lines invisible in tlie flame spectrum when the spark 
was not passing were rendered visible by the passi^ of the 
spark. The blue line of lithium about X 4G02 and the line of 
magnesium about \ 4481 may Ihj given as examples. Some of 
the flame lines were dimmed or became invisible at the time of 
the production of the new lines. The lines intensified by the 
spark in the flame were the same as those enhanced on the 
passage from the arc to the spark. 

Tlus strengthened the view that the result of a higher tem- 
perature was to produce an important change in the spectrum, 
UTui iC MXM cojuxit^ble that in a spact entirely heated up to Ikr 
hvjhtst temperature the ^ectntm would coimst cntirtly nf tkr 
enhanced lines. 

The employment of the flame in the experiment just referred 
to suggested a series of observations at flame temperatures witli 
a view of noting the difTerence between the flame and arc 
spectra. The oxyhydrogen fliimo as well as the Buusen was 
employed, and observations of the spectrum were made when 
THrious metals were volatilised in the flame. 

The general result of this line of work was to show that there 
was a step similar in kind to that from arc to spark Itetweeu 
the flame and arc To take iron as a case in point, a few lines 
only constitute the spectrum of the flame. The number is 
enormously increased on passing to the arc, but none of the 
flame lines are dropped. 

By these and other experiments it was tirmly established 
:that the intensities of the lines common to the flame, arc and 
■park differ greatly at the three temperatures ; so that the tlirec 
stages of flame, arc, and spark lines are now geoendly 
recognised. 
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I next refer to one or two instances of the bearing of these 
results upon solar phenomena and the troly extraordinair 
variations observed when minute inquiries are made and eon- 
tinued, for " snap-sliota " are quite useless in such investigations 
as these. 

Tlie (lifTerences may be shown either by tlie \-ariatioiL& be- 
tween the various spectrum phenomena, such as spots and 
prominences, and the ordinary soUr spectrum, which is constant 
in spite of all local changes, or between the spot and promi- 
nence themselves in different regions and at different times : 
they are all set out in detail in my Chemistry of the Sun. 

Let me Itegin unth comparisons between the ordinazy solar 
spectrum and that of the chromosphere. 

In the visible region of the spectrum, iron is represented hy 
nearly a thousand yraunhofer lines ; in the chromosphere it has 
only two representatives. 

I showeil in 1879 that there was no connection whatever 
}jetween the spectra of calcium, barium, iron, and nmngnnmr 
and the chromosphere spectrum beyond certain coincidences of 
wave-length. The long line.t seen in laboratory experiments 
are suppressed, and the feeble lines exalteJ. In the Fraun- 
hofer sj^ectnini the relative intensities of the lines are quite 
different from (hose of coincident lines in the chromosphere^ 

In sun sjK^ts we deal with one set of iron lines, in the chro- 
mosphere with another. 

At the maximum sun-spot period the lines widened in spot 
spectra are nearly all unknown ; at the minimum they are cltiefly 
due to iron and other familiar substances. 

The up-rush or down-rush of the so-called iron vapour is not 
registered equally by all the iron lines, as it should be on the 
non-dissociation hypothesis. Thus, as I first observed in 1880, 
while motion is sometimes shown by the change of refrangi- 
bility of some lines attributed to iron, other adjacent iron lines 
indicate a state of absolute rest 
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It became obvious t]ien that the change of intensity of 

wctral lines was a question of prime importance 

In a communication to the Royal Society in 1879, I 

Kpoiiiteil out that certain metallic lines were visible only at 

Fhigh temperatures, and that such work would help us in the 

study of " the atmospheres of the hottest stara." ' In the same 

connection, in the Chemistry of the Sun, published in 18S7, I 

gave the diagrams, here reproduced, indicating the lines of 
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FtQ. 73, — Tbi> various intcinitios of tlia lines of msgnMium aminged in onlt-r 
of incpeaiing l«nipeTature>. The lines marked a, i, e, d, e, in tlm disgraina 
hare the following waTe-lingtlu :— B209-a, 6iej-6— 6188'8 (4 group), 
470a-8. 4571-3, 44818. 



' Proc. Boy. Soc, Tol. iix, p. 22, 1870. 
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mmn visible at various temperatures in the laboratory 
a the Sim and prominences. 

I am rejoiced to find that the Potsdam obseni-ers are at length 
begiuniug to take this matter up. T)r. Scheiner has recently 
called attention to the behaviour of the line 4481*3 of magne- 
sium, and agrees that the variations in the line oliserved are due 
to differences of temperature, and that therefore it may be used 
as a stellar thermometer.' 

Had Dr. Scheiner been aci^uainted with my eighteen-yeara- 
old work, I am certain he would have done me the honour to 
quote, or at all events to refer to, it. 

In the above diagram, Fig. 7^, I indicate that the magnesium 
line at 4481*3 appears alone among the blue lines in the solar 
chromosphere.* 

Details of the New Work. 

The object of the new researches then was to see whether 
certain stellar anomalies in the photographic region followed 
suit with the solar anomalies which had been observed by eye. 

For the new inciuiries I have employed two storage cells 
; a current of 7 amperes at 8 volts, with an Apps in- 
tensity coil giving a spark of 10 inches, and ajar cajiacity of 
about 0'03 microfarad. 

The photographs were taken with an instrument having two 
prisms of 60°, a collimator of 3 inches aperture and 5 feet focus, 
and a photographic lens of 19 inches focal length. A Rowland 



' Aitronomiral Speclroitmpg, p. 8. 

• Dr. Scboiner in rofemnB to tho same Uno in a Cjgai writ™ u follows:— 
" Tho magneiium line nt \ 4481 i» the etroageet in the entire Bpectnim, Tlio 
Bth^r ■trODg lines cainoklp for tlic most part witli tlie fainter solar lines. The 
prewnco of nmnemus iron lioei con be scarcely doubted, but hero again wo 
haxe the peculiar pheoouienon Cbat the fainter, instead ol tlie stronger, linw 
ocour. We roajr conclude from alt these facts that Terr different conditions ai 
to tenipBraturc must preTail in a Cjgni from those in the stora ol Clnsi la." — 
Scheinpr's Ailrunonieat SpKlroteopg, Front's lren»Ulion, p. 247. 
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grating of 21 feet 6 inclies radius, with 20,000 lines to the 
inch has nlso been eiuployed. 



^ 
^ 



Iron. 

1 shall begin my account of ihe new work by dealing with 
iron. 

Among the irou lines are two triplets, or sets of three lines, 
giving an example of repetitions of structure in different parts 
of the spectrum ; one of them h less refrangible than G, au<l 
the other falls between A and H, In 1878 I referred to these 
as follows: — 



" In nuuiy iihotognjibH iii whicb iron 
boilica, luid ill others, affain, in which iro 
Uting in dilfei'ent <]egre«s of impurity in 
be«ii seen idtuo«t nJoiie, ami the relative 



has been compared with other 
3 haa bmn pliotographed an ex- 
olher bodies, these triplets have 
lity of theni, oa oomporrd 



Willi tliu f«w remaiDing line*, is greatly changeiL In Uiia thane phutu- 
giuphs resemble ime I took three years ago, in which a inrge evil and jar 
were employed instead of the an.-. In this llio triplet near is very 
marked ; the two adjacent lines more refrangible near it, which are «een 
Dearly as strong as the triplet itself in some of tlie an: phutographs I 
poasess, are only very faintly visible, while dimmer still are seen the lines 
of the triplet between H and h."' 

To clear the ground, it was important to determine whether 
the generally observed dropping out of lines in the spark 
depends upon the diminished quantity of incandescent vapour 
as compared with that in the arc 

With the brilliajit spark obtained under the new conditions 
there is little difference between arc and spark with regard 
to the number of lines. Hence it may be concluded that the 
small number of lines previously recorded in the spark sijec- 
trum was not an effect of increased temperature, but one due to 
the small quantity of vapour produced by the use of a small 
coil 

The next point was to inquire if the photogiaphio region ol 



' Svi/. See, Froc., toI. xmo, p. ITt. 
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the spectrum reveals lines which are the equivalents of those 
at 4924-1 and 5018-6 (Eowland's scale), wliich I had previously 
shown to be enhanced in passing from the arc to the spark 
spectrum/ and in relation to which several solar anomalies had 
been observed. 

Seven additional lines were detected in the photographs at 
the following wave-lengths on Eowland's scale :^-4233'3, 
4508-5, 4515-4, 4520-4, 45227, 4549*6, 4584-0. 

These have been confirmed by a reference to the map of 
the spark spectrum of iron published by Dr. McClean,' and 
attention was drawn to those at 4584*0 and 4233*3 in my paper 
on the arc spectrum of electrolytic iron.* 

All these appear as short lines in the arc spectrum, so that 
the view that the short lines which appear in the arc spectrum 
can be divided into two categories, one including the hues 
which are brightened in the spark, and the other the lines which 
are not so enhanced is confirmed. 

Having tlius established that there are differences between 
the arc and spark spectrum, and that these differences are not 
due to the different quantities of vapour in the two cases, it 
must be concluded that a difference of temperature is the main 
cause of change. 

Including the flame spectrum then, four distinct temperature 
stages are indicated by the varying spectrum of iron : — 

(1) The flame spectrum, consisting of a few lines only, in- 
cluding the well-known triplets and many strong lines in the 
ultra-violet. 

(2) The arc spectrum consisting, according to Eowland, of 
2000 lines or more. 

(3) The spark spectrum, differing from the arc spectrum in 



* Proc. Roy. Soc.j toI. xxxii, p. 204. 

' Monthly Not ices f S.A.S.^ toI. lii. 

' Phil. Trans., rol. cIxxxt, A, pp. 995, 996. 
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tlie enhancement of aonre of tlie short lines and the reduced 
brightness of others. 

(4) A spectrum cpnsiating of the lines which aie intensified 
in the spark. This we can conceive to be risible alone at the 

action of all lower ones, since the enhanced lines behave like 
thoee of a metal when a compound of q metal is broken up by 
tlie action of heat. 

A complete list of the iron lines seen at the diFTerent tem- 
peratures would be too louf^ to reproduce here, so that the 
following statement of intensities is limited to the lines en- 
hanced in the spark. The behaviour of these lines under the 
different conditions of experiment is as follows : — 

LiSEs OP moir which abe khhancbd in spabk. 




1^ 


Wart. 

length. 
(RowliiDd). 


Inlaimilj 
in atme. 


Intenrity in 
.n{K4R) 
Mm. - 10. 


LMgthin 
H>i. - 10. 


.p.rk &). 
Hu. - 10. 


IntanaiU iii 
hot*ptrk 

(L). 
M».. - HI. 




4S33'a 
4609 6 
4S1C-4 
46»-4 
452S-7 
4Mg-<l 
4BH-0 

4gMi 

6018-6 


E 


1 

1 
1 
1 
I 
« 
S 
1 
* 


3 
5 

4 
S 


6 




1 

1 


K ft B = EBTtar uid Bim«<. T - IbaUa, L - Loel^ar. 

Calcium. 

I next proceed to consider the results obtained in the case of 
calcium. 

Among the chief observations of the spectnim of this metal 
arc those made by Thal^n. Kayser and Runge, and myself. 

ThaWn chiefly confined himself to a study of the spectrum at 
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the temperature of the ^park, the observations of MessR. 
Kayser and Riiiige liave been limited to the arc spectrum, 
while my own investigations have included all conditions of 
temperature available in laboratory experiments. 

As I showed ill 1876,' the most characteristic low tempera- 
ture line is that at X 4226'9, while the H and K lines are pre- 
eminent at high temperatures. The new work with the spark 
from the large intensity coil and large jars has shown that aU 
the lines recorded by Kayser and Eunge in the arc spectrum 
appear also in the spark spectrum, but with the exception of H 
and K, and two lines at wave-lengths 370618 and 3737'08. 
which do not appear to have been previously recorded in the 
spark, they appear with reduced relative intensities. The two 
ultra-violet lines are enormously enlianced in the spark. 

As in the case of iron, four temperature steps can be re«^- 
nised. 

(1) The flame spectmm, in wliich the blue line ■1226-9 is 
predominant, H and K and a few other lines being veiy feeble, 

(2) The arc spectrum, in which the H and K lines are of 
about the same brightness as the Ijlue line, while other feebler 



(3) The spark spectnuu, in which nearly all tlie lines of the 
arc spectrum are seen, but witli reduced intensities, except in 
the case of H and K, which remain very bright, and two lines 
at 3706-18 and 3737-08, which are also very bright. 

(4) A spectrum consisting of the two lines at 3706'18 and 
3737'08, and the H and K lines, corresponding to a tempera- 
ture higher than the averse temperature of the spark, ae before 
explained. 

The complete spectra actually recorded are shown in the 
following table : — 
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CALCIUM. 



Ware-length. 
(K and B.) 


Intensitj in 
flame (L). 
Max. - 10. 


Intentitj 

in arc 

(K & B). 

Max. - 10. 


Length in 

arc (L). 

Max. - 10. 


Intentityin 
spark (T). 
Max. - 10. 


Inteniitj in 
hot epark 

(LV 
Max. - 10. j 


3706 18 


_^ 


4 




_^ 


1 
8 


8787 08 


— 


4 




— 


10 


K 3983-83 


3 


10 


10 


10 


10 


3949 09 


>^ 


4 




— 


1 


8967 -23 


— 


6 


2 


— 


1 


H 8968-68 


3 


10 


10 


10 


10 


3973-89 


— 


6 


4 


— 


2 


4092-83 


— — 


2 


2 


2 


1 1 


4095-25 


— i 


2 


— 


2 


trace 


4098-82 




4 


4 


2 


1 


4226*91 


10 


10 


10 


10 
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4238-00 


— 


—— 


2 


— 


— 


j 4240-58 


-i— 


4 
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2 


.— 


! 4283*16 
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4289-51 
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8 


6 


6 


2 < 


4299*14 
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6 


6 


6 


2 


4302-68 


1 


10 


6 


10 


3 


4307-91 


.— 


8 


6 


6 


1 


4318-80 


1 


8 


6 


8 


2 


4355-41 




6 


4 


—— 


1 


4425-61 


— 


10 


6 


10 


2 


4435*131 
4435-86/ 


1 


10 
8 


} • 


10 
2 


1 ^ 


4454*971 




2 


10 


8 


10 


1 1 


4456-08 


► 


— 


8 


■N 


8 


4 


4456-81 




— . 


4 




— 




4508-04 


.— 


1 


• 


^. 


• 1 


4509-89 


... 


1 




^ 


4512-73 


— 


1 


g 


— . 


■ 1 

1 


4527 17 


— 


6 




.i. 


1 


4578-82 


— 


8 


' o 
1 ^ 


4 


1 


4581*66 


— 


8 


3 

o 


4 


1 


4586 12 


— 


10 


4 


2 


4624-7 


-~ 


1 




_ 


... 


; 4685*40 — 

1 


4 


J 


— — -^ 1 



K & B » Eajser and Bunge, T » Thalen, L » Lockyer. 



Magiusium, 

Among other substances investigated in my earlier work was 
magnesium. 

I showed in 1879' that in the flame sj)ectrum the two less 



* Froc. Roff, Soc., ToL xxz, p. 22. 
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refrangible members of the h group were seen associated with a 
less refrangible line at 5210, making a tiiplet with them, while 
a line in the blue at wave-length 4571'3, and a series of flutii^ 
were also seen ; on ]jassing the spark, the blue line of the flame 
disappears, as well as the flame companion to b, while two new 
blue lines make their appearance at wave-lengths 4481'3 and 
4703-3. 

Among the spiirk lines is one at X 4481, to which a brief 
reference was made in the preceding chapter. I first observed 
and thus described it in 1872 :' 

" This is a very brilliant wiuged liiie, but it appears abort. Thaleii 
uiakea it of the same iiiteiiaitj as tbe two at 4703'G and -ISSfi'S ; but 
while this is excEasivelj bright to me, 47035 is faint tutd -ISSe'S in- 
Taking b as having a length denoted by 4, I gave the length 
of this line at 4481 as I : I also stated that it was not seen in 
the spectrum ot the chloride, although the h group was distinctly 
seen. The line at 4481 has not to my knowledge been recorded 
by any observer as present in the arc spectrum, but a recent 
photograph shows it as a rather feeble hue in the arc between 
poles consisting of magnesium. Using the lai^e coil and jars, 
the line has also been photographed in the spectrum of the 
chloride ; indeed all the lines recorded in the arc by Kayaer 
and Eunge have been photographed in the spark spectrum of 
the metaL 

The work with the latge jars has also resulted in the detec- 
tion of another line ot magnesium about wave-length 4395, 
which does not appear in the arc spectrum, and the line about 
4587'4 observed by Thal^n also shows itself feebly. The 
former of these is fairly bright and seems to be closely asso- 
ciated with 4481. 

Again there are four distinct temperature steps, namely : 

> Piil. ZVsM., 1878, to). diUi, Art 1, p. Z67. 
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(1) The flame spectrum, represented bylines at 45713 and 
i, a triplet in the ultra-violet, commencing with a line at 
3734, and two flutings, one commencing at 5210 and the other 
at 5006-5.1 

(2) The arc spectrum, comprising b, a line at 4352*18, and 
another triplet in the ultra-violet, commencing with 3838*4, 
4481 being almost invisible, while 4395 and 4587 are quite 
invisible. 

(3) The spark spectrum, including all the arc lines, but 
with 4481 intensely bright, 4395 fairly bright though short, 
and 4587*4 rather feeble. 

(4) As 4481, 4395, and 4587*4 are much intensified in the 
spiirk spectrum, we can conceive a fourth stage at a still higher 
temperature, when magnesium would be represented by the^e 
lines alone. The complete spectra of magnesium under the 
three conditions at which observations can be made are indicated 
in the accompanying table. 



' Mestn. LiToing and Dewar hmre Mcribed these flutings to compounds of 
magnesium with hjdrogen and oxjgen respectiTelj, but whether thej are due to 
compounds or to the metal itself is immaterial for mj present purpose. 
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L ft D = Liteiog and Dewar. 
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CHAPTER XVIIL— APPLICATION OF THE NEW 
LABORATORY WORK TO STELLAR CLASSIFICATION. 



Method Employed. 



The enlianced lines referred to in the last chapter have 
proved a real open sesame in the inquiry which now concerns 
U8. It turns out that many of them have been formerly classeil 
a« unknown in stellar spectra, and that a complete study of all 
places in our hands a hitherto undreamt of instrument to be 
employed in minute stellar chissification. 

I am also glad to be able to say that its operation is most 
valid just in that region in which, as I pointed out in Chapter 
XV, further light was necessary to enable us to overcome 
difficulties and clear up uncertainties. 

The photographic survey indicated that some of the principal 
stars might be arranged as follows, in order of ascending tem- 
perature, the hottest of them being placed at the top of the 
list. 

Bellatrix, 

f Tauri, 

Rigcl, 

rj Leonis, 

a Cygni, 

7 t'ygni. 
a Tauri, 

a Ononis, 
and that there were other cooling stars' besides our sun, some of 
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which could also be arranged in the following order of descend- 
ing temperature : — ^ 

Sirius, 

/8 Arietis, 

Procyon, 

Capella, 

Arcturus (Sun), 

Arcturus is bracketed with the sun, because I have shown 
that its spectrum is like that of the sun, line for line.* 

A still longer list of stars of descending temperature is as 
follows, Bellatrix, for the present, being taken as before as 
representative of the hottest stars : — 

Bellatrix, 

/8 Persei, 

7 Lyrae, 

Siiius, 

Castor, 

Procyon, 

Arcturua 

Although the discussion specially deals with the hotter stars 
it is necessary to include references to the cooler ones in order 
to contrast the behaviour of the high temperature lines with 
those which are characteristic of low temperatures, and further, 
to compare the appearances of the lines at different stellar 
temperatures. 

a Orionis is taken as a typical case of a relatively cool star 
which is bright enough to be studied with sufficient precision 
for our present purpose. 

The way in which I have attempted to use the new informa- 
tion is the following : — A special examination of the photo- 
graphs of the selected list of stars has been made in relation 



* 'Phil, Traits,^ vol. clxxxiy, A, p. 709. 
» Ibid., p. 699. 
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the lilies of the three metals first iuquired into, namely, iron 
jilcium, and magnesium, and maps have been drawn to indicate 
he behaviour of the enhanced lines in each stellar spectrum. 
n the uiaps the lines photographed in the spectrum of each 

nteneities, the strongest line in each being represented by a line 
jqual to the full width of the strip devoted to each spectrum. 

AacENDiNu Tkm?ebatures. 

Iron. 

I l>egan with iron, as it is the substance to which 1 have 

dven the lougest study. The accompanying diagram (Fig. 74; 

hows the results obtained : — 
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The various rc-ulu recorded in the map may be stated as H 

oUows:— ■ 

III « Orionis we have iron represented by low t«?mperature H 
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lines corresponiling to a temperature intermediate between the 
first and second stages. 

Only two of its more prominent lines »i«.v coincide with 
enhanced lines in the region compared. As there are so many 
lines in the !?pectrum of this star, it is possible that these may 
be only chance coincidences, and this is the more probable since 
the lines which are most enhanced are certainly absent Further, 
I have already shown' that 



r 

^^^H "The t«in|)Brature of tb« most important iron-Aboorbing region in 

^^^^B a Ononis In Dearer that of the oxy-coal-gas Same than that of the electric 

^^^H ai'c ; it is probable that the average teiDperatnre is intermediate between 

^^^^k that of the are and that of the flame, but nearer to the latter." 

I 

f 



Passing to 7 Cygni, the iron lines contirui the idea that the 
temperature is higher than in » Orionis, Here the enhanced 
lines of iron are stronger than the arc lines representative of the 
second stage of temperature ; that is, the temperature is ap- 
proaching the fourth stage. 

In ee Cygui. in which star, to judge by the extension of 
tlie spectrum towards the violet, the temperature is liigher, 
the enhanced lines of iron are among the strongest in the whole 
spectrum. At the same time, some of the stronger lines of the 

ige 2 spectrum, including the triplets, also appear, but they 
are very feeble aa compared with the lines of stage i. 

Here, then, we probably have absorbing iron vapour at a 
temperature very nearly approaching the fourth stf^e. If this 
result be confirmed, we at once get an explanation of the great 
differences of intensity between the lines in a Cygni which 
coincide with iron lines, and those which appear in the spectmm 
of iron as observed tenestrially with an unsliielded arc. 

1} Leonis represents a stage of tempemture a little liigher than 
that of a Cygui ; here the second stage iron lines have disap- 
peared altogether, and the enlianced lines appear alone. 

At the higher temperature of stars like Eigel, the enhanced 
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iron lines also appear without any trace of the familiar iron 
spectrum typified by the triplets, and there seems to be little 
doubt that we are here in presence of iron vapour at a CranEceti- 
dental temperature corresponding to the fourth stage to which 
I have drawn atteotiou. 

Ill f Tauri, the iron lines are almost identical with those in 
Kigel. 

At the still higher temperature of Bdlatrix, ail vitibU traeeit of 
Ihi iron gpectnim have vanished from the photofjraph*. 

Gexehal Besdlts vmn rsgard to Iro.v. 

The general result of the investigstioti of the enhanc«<.l iron 
lines in stellar spectra confirms the view that the absorbing 
regions of the hottest stars exist at a higher temperature than 
any attainable in labi)ratory experiments, the spet-trum of iruii 
consisting solely of those lines which are enhancinl in passing 
from the arc to the spark. At the same time, some of llie lines 
in tlie s{>ectra of the hottest stars formerly claased as unknown 
are now shown to be due to iron. 

The fact that even the enhanced lines themselves disappear 
from Uie spectra of stars approaching, or at, the acme of stellar 
temperature raiaeH another question to which reference will be 
iiimle later. 

It is obvious that the enhanced lines may be absent from 
the spectrum of a star, either on account of too low or too high 
a temperature. In the case of a low temperature, however, iron 
it) represented among the lines in the spectrum, but at Iho. 
highest temiierature all visible indications of its presence seem 
to have vanished, lliis result affords a valuable conlinnation 
of my view that the arc spectrum of the metallic elementa is 
produced by molecules of different complexities, and it alsr.i 
indicates that the temperature of the hottest stars is sufficient 
to produce simplilications beyond those which have been pro- 
duced in our lalioratorics. 
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The facts which are graphically represented in Fig. 74 indi- 
cate that, so far as these stars are concerned, the results, with 
i-egard to stellar t,emperature8 determined by a study of the 
iron lines, are identical with those to be gathered from the 
extension of the radiation spectrum into the violet. Inde- 
pendently of the extensions of spectrum into the violet for 
different stars, then, the relative temperatures may be deter- 
mined by a study of the iron lines. Thus, a star, in the 
spectrum of which iron is represented by traces of the triplets 
characteristic of the arc spectrum as well as by the enhanced 
lines, must be cooler, so far as the absorbing iron vapour is con- 
cerned, than one in whicli iron is represented by the enhanced 
lines alone. Similarly, we must conclude that a star in which 
iron has no representative lines is hotter than one in which the 
enhanced lines appear without the arc lines. In practice the 
iron lines furnish a much more convenient indication of stellar 
temperature than the continuous spectrum, for the reason that 
in the ease of iron no special photographs are necessary, while 
for an investigation of the continuous spectrum special photo- 
graphs of stars with very carefully controlled exposures have to 

be taken. 

Calcium. 

The calcium lines in the spectrum of « Ononis indicate that 
we have in that case a temperature not greatly differing from 
that of the second stage ; the blue line which is characteristic 
of low temperature, as well as H and K being very strongly 
developed. 

The behaviour of the calcium lines is indicated in Fig. 75. 

On passing to the stars of successively higher temperatures 
which have already been studied in the case of iron, it is seen 
that the blue line has disappeared at the temperature of 
a Cygni, while the H and K lines persist with gradually 
reduced intensities up to the hottest stiirs. The intensities of 
the H and K lines as compared with the blue line fully bear 
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out the results as to the order of tetuperature of the stars 
which has been derived from a comparison of the coiitiniioiis 
radiation Hpectra, and also from the appearances of the iron 
lines. Unfortunately, the Kensington photographs of stellar 




spectra which have so far been obtained do not ext«iid far 
' enough into the uItra>violet to jiermit u complete investigation 

of tlie varying appearances of the two iUtra-Wol<*L enhani-itl 
I lines referretl to in the lost chapter. Both of tlieiii apiteiir in 
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the spectruiu of Sirins, however, which is certainly a hot star 
though not one of the hottest. 

Magnesium. 

Magnesium furnishes us with very definite indications of the 
four stages of temperature, and the discussion of its representa- 
tive lines in stellar spectra is therefore very important. 

In OL Orionis, the h group is strongly developed, while 4481 
is absent. In Fig. 75, the ultra-violet triplet commencing 
with 3838 is taken as typical of the second stage spectrum, but 
the photographs of the spectrum of ol Orionis which have been 
obtained do not extend far enough to enable the presence or 
absence of this triplet to be ascertained. Another line, at 
4352-2, which appears at the second stage of temperature is, 
however, probably present in a Orionis. The flame line 4571*3 
is also present,^ and I have also shown the probable presence of 
the two flutings of magnesium in the spectrum of a Orionis and 
similar stars.^ 

In a Orionis, then, the most effective absorbing magnesium 
vapour is at a temperature not greatly different from that of 
the flame, but the presence of 4352*2 indicates that the tem- 
perature must be slightly higher. It is important to remember, 
however, that on the meteoritic hypothesis, different parts of 
such a swarm as a Orionis may have widely different tempera- 
tures. 

Taking 7 Cygni, as before, to be considerably hotter than 
a Orionis, as indicated not only by the length of continuous 
spectrimi but by the iron and calcium results, there is a con- 
siderable change in the lines representative of magnesium. The 
flutings have quite disappeared, and the spark line at 4481 
appears as a well-marked line. Some of the arc lines, includ- 



» Fhil. Trans.y 1893, vol. clxxxiv, A, Plate 28. 
2 Proc. Roy. Soc.y vol. xliv, p. 54. 
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Ling 43522 and 4167'8,remnin,80 that inthe absence of a record 
I of the ultra-violet triplet, it may be coueluded that the abaorb- 

■ ing magnesium in 7 Cygni is probably at a temperature not 
I differing greatly from that of the spark, that is, the third stage 

of temperature. The wave-length of the new spark line about 
4395 is not yet known with suffieieiit aceuracy, on account of 
ita great breadth, to justify its use in this inquir>'. Tlie actual 
appearance of the magnesium lines in 7 Cygni tlius confirms 
I the conclusion with regard to the temperature of this star 

■ which lias already been derived from the discussion of the lines 
of calcium and iron. 

In the case of « Cygni the most prominent magnesium line is 
the spark line at 4481. The b lines, the ultra-violet triplet 
commencing with 38it8'4, and the line 4''t52'^ are also present, 
[ while 4571 S and 41G7'8 are absent, or very feeble. The great 
intensity of 4481, which is oidy a short line in the spark, indi- 
cates that the temperature is, in all probability, a little liigher 
than that of the experimental spark, that ia, intermediate 
between the third and fourth stAges. 
I Passing to fj Leonia, 4481 is a little lesa intense than in 
K Cygni, while the line at 4:(')2 is considerably ledaced in 
intensity as compared with « CygnL A temperature a little 
highrr than that of « Cygni is therefore indicated. 

In Kigel, where the temperature ia higher than in q Leonis, 
4481 is one of the few strong lines recorded in the spectrum, 
and it appears without the other magnesium lines. 

The same is true of { Tauri atid Bellatris, except that 4481 
is now reduced in intensity. These ^'arying appearances am 
indicated in Kig. 74 

The study of magnesium thus i»erfect]y accords witli what 
wo have learned as to relative stellu- temperatures from a dis- 
cussion of tho lines of iron and calcium. 
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General Results with regard to Calcium and 

Magnesium. 

Fig. 75 indicates that in the case of the stars so far discussed, 
those namely with ascending temperatures, the same order of 
temperature is arrived at by a consideration of the lines of 
calcium and magnesium as that deduced in the first instance 
from the relative lengths of continuous spectrum, and after^ 
wards by an inquiry into the presence of the enhanced iron 
lines. Four indications of stellar temperatures are therefore 
now available, namely, the extent of the continuous radiation, 
the lines of iron, the lines of calcium, and the lines of mag- 
nesium. 

The enhanced lines of calcium and magnesium, unlike those 
of iron, do not disappear from the spectrum in the case of the 
hottest stars yet studied, but they become very feeble, so that 
an approach to disappearance is indicated. 

Descending Temperatures. 

I now pass to the discussion of those stars which the previous 
investigations indicated to be cooling bodies. 

Fig. 76 indicates the variations of the metallic lines in tliis 
series of stars. At the highest temperature magnesium and 
calcium are represented by their enhanced lines alone ; with a 
fall of temperature the enhanced lines of iron are next added, 
and, later, the arc lines of all three metals ; at the lowest tem- 
perature, the enhanced line of magnesium disappears, while 
those of iron are either absent or very weak ; the enhanced 
lines of calcium, on tlie other hand, which are relatively strong 
in the arc, remain. 

The facts recorded in the photographs of each star ai*e as 
follows : — 

Starting witli Bellatrix, magnesium is solely represented by 
the enhanced line at 4481, which is relatively feeble, calcium 
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by the H and K lines, also feelile, while there are no indica- 
tiiins of ir».m at nil. 



I 




I'tissiug uest to /9 Tereei, 4481 and the H ami K linca are 
intensified, while the enhanced linea of iron are addisl 

In 7 Lyni-, all the enhanced lines of magnesiiuu, calcium, 
and iron nn- atrengtiieoed. 

A further intensification of the eidianced lines occurs on 
passing to Sirius, hut here the characteristic aro lines of all 
three substances are added, indicating a temperature inter- 
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mediate between that of the experimental spark and that at 
which the enhanced lines appear alone. 

With a further slight faU of temperature, represented by 
Castor, the enhanced lines become slightly stronger, as do also 
the characteristic arc lines. 

At the still lower temperature of Procyon there is a marked 
increase in the intensity of the characteristic arc lines and a 
decrease in the intensity of the enhanced lines, except in the 
case of H and K, which, as already pointed out, are strong lines 
in the arc. 

Finally, at the temperature of Arctunis, or the sun, the 
enhanced lines of magnesium and iron are either very faint or 
entirely absent, while H and K remain visible for the reason 
already stated, and the arc lines of all three metals become very 
strong. 

The Lines of Gases in Stellar Spectra. 

The maps, I think, will indicate the considerable advance 
which has been made with regard to the lines in stellar spectra, 
but the inquiry is not yet complete. 

So far I have only considered the lines of certain metallic 
elements, and their comparison with st^^llar lines. It is now 
important to refer to the permanent gases — hydrogen and the 
cleveite gases. These appear in the stars which, on the grounds 
previously stated, I hold to be of highest temperature, and for 
this discrimination we can rely better on the cleveite gases than 
on hydrogen, for the reason that the latter is much more widely 
distributed qud temperature. There are not many groups of 
stars which do not indicate the presence of hydrogen, while, 
on the other hand, the cleveite gases only occur conspicuously 
in one. 

As pointed out in Chapter IV, it is impossible to over-estimate 
the importance of the discovery of terrestrial sources of helium 
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in its bearings upon the spectra of the hotter stars, since it 
explains many of the strongest lines in such spectra, which 
previously were included in the category of " iiiikuown lines." 

hurmsinij Temptrature. 

If the varying intensities of the cleveite lines are studied in 

tlie case of the stars which have so far been considered, it \n 
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found that the lines become stroHger as the temperature 
increases. Thus, from the merest trace in a Cygni tlie linea 
are gradually intensifieil in passing through 17 Leonis, liigel, 
jl'Tauii, and Rellatrix. This is illustrated in Fig. 77. 

The lines of hydrogen make their appearance at a much 
lower stage of temperature than those of tlie cleveit« gases, 
bnt, like the helium lines, they increase in intensity up to the 
bighest teuipcrAture in the cose of the stars already discussed. 

3 much being premised, we now come 10 a conijiarison of 
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the metallic results with those given by the cleveite gases and 
hydrogen in stars of ascending temperature. 

Dealing with the stars already considered, a comparison of 
the metallic and cleveite gas lines indicates that as the former 
die out the latter are strengthened. 

The cleveite gas absorption first makes its appearance, very 
feebly, in the stars in which the enhanced lines of magnesium 
and iron are strongest, as in a Oygni. Then, as the temperature 
increases, as demonstrated by the expansion into the ultra- 
violet of the continuous radiation, the lines of the cleveite gases 
become stronger as the metallic lines thin out. 

At the highest temperature, taking Bellatrix for the present 
as a typical case, the principal helium lines are almost as strong 
as tlie lines of hydrogen, while the enhanced lines of iron have 
quite disappeared, and those of magnesium and calcium nearly 
so. These variations are indicated in Fig. 77. 

It will be seen from the map that there is a perfect continuity 
both in the case of the metallic and the cleveite gas lines, and 
that in those stars where the separate investigations of the 
metallic and gas lines overlap, the same arrangement of stars 
results in both cases, hut there is a complete inversion in the 
behaviour of the gas, as compared with the miialli^, lines. We 
seem to be in presence of a chemical change, iron being finally 
replaced by helium. 

The dark lines of hydrogen make their appearance in stars of 
comparatively low temperature, such as a Orionis, in which the 
second stage metallic lines are very strong. In these stars the 
hydrogen lines are thinner than some of the metallic ones. 

With increased temperature, in the case of the stars so far 
considered, the lines of hydrogen steadily increase in intensity 
up to the highest temperature, as typified by Bellatrix. Mean- 
while, as we have seen, the second stage metallic lines gradually 
thin out, while the enhanced lines become stronger up to the 
temperature of a Cygni, and ultimately all the lines of iron 
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Iliave diHujiitcnrad, and magnesium and cakiutn arc unly i-einv- 
F sented by traces fif their enhanced lini-s. 




tnmajing tempers) ui 



Wlieii llu' liuea of the cleveite ^ases fimt become visihit;, a.s 
[In a Cj-fjiii, the lines of hydrogen Imvv nliwidy become tlie 
IttMngeKt in the s]H!Ctrvim ; but at still higher teiuperatiires the 
lintensiticslion of the Uncfl nf hjtlni^eti is less rapid thAii that 
|of the lines of the cleveite gases. lu none of the slan miw 
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oonsiiUried ^1«» ih».- liy«lriy^'en liiirs reach tli-ir luaximv.::: 
«lev<.'loj»i]i»-nt. as staU'«l Ik-iod*. This paiit will ]*- L-««ii.-5i'.it'X»''i 
latffr on. 

W*- iiirxi (■■•n>i«l»'r tli».* qiiH.-iii.pii in our list ••! n>«lin'.i >tai>. 

Th#' ;i|»i»-;iranr«* <»i ihr lin«rs r^f ihf ek-Vfiif -jus^rrs in these -i.iis 
i*^ H'Stricted to ^ lVis»'i an«l 7 Lyra-. An atttrnipt i.s mail-:* t-* 
>h(}\v tlit'ir f:hjin;.'»-s ni intt-n.sity in Fig. 71*. which als** iuclniu-s 
iV-llatiix Jis r»']in-s»-ntativ»', fur tin* pr».'s»'nt. of tlif* hiu'hvst 
t''i]i|M'ratni-. 

Start iir^' witli Brllatrix. tlin lines **i th^- ch-vt-ite yases ;ii.: 
v»-ry stnni;/. wliih*. on iMjisiiiir t«» thf riHiler stars, tht-y raj-iiUy 
ln'Ooiii*; w»'ak»-r. as tlir t-nhanctMl nii.'talli«- lim-s c-ontiniie l«« uK 
stroiii:»-r. In fart, thn linos of the clfVi-ite ;.'a>»-s «l:saj»|Krar at ;t 
ronitjarativirlv »'arlv .stair**. Innc; iH-fnn- th».* a)»SMrl»in;; nu'tiillit* 
vjipoiirs aif* (ool t-iionL'h t«» sliow any triCi-< «f thti chanu-tt-rirrt it- 
arc: lilHS. 
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vi'i'i^ii of dis;ij)i>t»iiraiict'. No certuiu iiulicatinus of tlu* cU'Vcitr 
;4iis lilies liJivc been fniiiul iu Sirius, Ca.sior, Procvon, or 
Aivtunis. A special .searcli for the D' lir.e in tlie s)»ectniiii of 
Siriiis wa8 made by Mr. I'owler in I)t»ceinl»er, liSO.'I, I nit the line 
was not stH^n in this star altlmu^h it was nronU-il in the 
sjirctruin of r>enatrix.' 
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So far as they go, then, the gradually disappearing lines of 
the cleveite gases indicate the same order of temperature as 
that determined from the gradual appearance of the metallic 
lines as shown in Fig. 76. Fig. 80 gives a comparison of the 
metallic and iras results in stans of decreasing temperature. 
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CHAPTER XIX.— APPLICATION OF THE NEW 



The new classitication which I siij]:gested in 1888 was Iwiseil 
on eye observations. It indicated that stai-s should be classed 
in two categories, one of ascending the other of descending 
tenipenitures. The photograpliic survey enabled us to utilise 
the length of the spectrum in the ultra-violet and violet iis a 
preliminary basis of classification ; the test was applied, and 
precisely the same order was arrived at as that obtained from 
the eye observations. 

The general result of the test i)hotographic survey, so far as 
it has gone, is as follows : — Among tlie 171 stars considered 
there are really two series of spectra, one representing the 
changes accompanying increase of temperature, while the other 
represents the effects of decreasing tempeniture. The funda- 
mental requirement of the meteoritic hypothesis is, therefore 
fully justified by the discussion of the photographs. 

It may be stated furtlier that the sequence detcnnined from 
the photographs follows exactly the same order as the groups 
originally suggested by the hypothesis from a discussion of the 
eye observations. That is, it is not necessary to interchange 
any of the groups founded on the eye obser\'ations in onler to 
obtain agreement with the photographic results. 

Finally, the enhanced-line work was undertaken, and then it 
was found that the order obtained from a consideration of the 
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lines of iron or of calcium or of magnesium gave the same 
results as those gathered from the two previous enquiries; 
further, the identical behaviour of the enhanced metallic and 
cleveite lines on both sides of the curve shows us not only that 
we have here a previously undreamt-of test to apply to this 
question, but that the scheme of classification has borne the 
test in a most satisfactory manner, so far as temperature is 
concerned, up to the limit I have so far taken. 

I have shown on page 309 that our highest terrestrial tem- 
peratures in all probability only carr}' us up to a temperature 
approximately represented by 7 Cygni. 

We have no right to assume that the small number of stars 
as yet studied put us in presence of the highest stellar tem- 
peratures; hence I have of set purpose left on one side for 
future treatment those stars which apparently are at the very 
apex of the temperature curve, for the reason that in these 
stars w^e are involved in imknown lines. These require a 
special study ; other stellar photographs have to be examined, a 
work which will require some time, and new photographs have 
to l)e taken. 

In all probability, among tlie stars already known there are 
others besides Bellatrix which are hotter than f Tauri and 
Eigel, as determined by the continuous spectrum and by the 
enhanced metallic lines in the way already explained ; although 
the known gas lines are of nearly similar intensity, these stars 
show distinct differences among themselves, and other criteria 
for their arrangement in order of temperature must, therefore, 
be looked for. 

At the stage represented by Bellatrix the only remaining 
known metallic lines are probably magnesium 4481, and the 
K line of calcium ; these, however, are so feeble that their 
variations are too much dependent on the (quality of the photo- 
graphs to be trustworthy criteria, and the same remark applies 
also to the measurement of the extension of the spectrum into 



XIX.] APPUCATION OF THE NEW trRITERIA. 321 

the iiltra-%-iolet. Tlierc are, however several lines, as yet nl' 
unknown origin, which are strong in some of these stars anrl 
weaker in others, and the appearances of these aSbrd useful 
criteria for classifying these stars. But, I>efore we attempt to 
use these lines to see whether any higher temperature than thai 
of Bellatrix is indicated, it is important to consider whether 
we are justified in regarding these unknown lines as gaseous 
instead of metallic Tliis question is now being studied, and 
until it is settled it is not wise to attempt to discuss the upper 
temperature limits of those substances, such as hydrogen and 
the cleveite gases, the lines of which increase in importance 
with the increase of stellar temperature in the stftrs I have so 
far discussed. 

If such hotter stars were found we might expect that either 
the hydrogen- or the cleveite-gas lines would thin out and then 
disappear first, as the iron lines thin out in Ki^l and disappear 
in Bellatrix ; and that they would be replaced by other lines. 
As a matter of fact, the hottest stars under discussion do con- 
tain other lines besides those of hydrt^en and the cleveiti- 
gases with so far unknown origins. 

Temperature is the fundamental point, but it is not the only 
one ; other considerations must not be neglected ; but, for thf 
present, considering temperature alone and utilising the new 
criteria which have now become availablo, some of the brighter 
stare may be arranged aa follows, those shown on the same 
liorizon being of e^^ual temperature, as det«!nnined by the 
enhanced metallic lines. 

These criteria, however, do not enable os to classify minutely 
the stars which fall near the top of the curve, so, for the pre- 
sent, a certain number, which must be afterwards separated, are 
grouped together. 

The stars which have been included in the nmps (Figs. 
74 — SO) are shown in itoUce. 
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Increanng Temperature. Decreasing Temperature. 

{BellutriXf ^ Ononis, m Upssb Majoris, X Tauri, y Pegasi). 



^ JViMrr. 



Rigel^ Tauri. 
f/ Leonis, 
a Cygni. 



y Cygnif S Cephei, Polaris, a Persei, 
Z Geminoriun. 



a Tauri, c Pegasi, y Andromedae, e Yir- 
ginis. 

a Orionis, 3 Pegasi. 



P Persei, 9 Cygni, a Pegasi, a Andre- 
«^ medsB, a Corojue, y Ursse Bfajoiis. 

y Lyra, 

a Canum Yenaticorum. 



Sirius, Vega, y G^minonim, 8 Leonis, 
jS Urss Majoris, € Ursas Majoris. 

Castor^ p Arietis, a Cepbei, « Aqoils, 
d Cassiopeiffi, jS Cassiopeiao. 

Procyon, 

Arcturus (Sun), a Arietis, P Gf^mino- 
rum. 



I have already indicated in Chapter XV how, on the meteo- 
ritic hypothesis, the physical conditions on either side of the 
curve must differ in stars of the same, or nearly the same, 
mean temperature. Indeed, I may generalise still more than I 
did then, and point out that on that hypothesis we must 
recognise three chief periods in the history of a star during its 
stages of limiinosity : — 

1. A period during which it exists as an uncondensed swanu 
when the "atmosphere" is disturbed by meteoritic bombard- 
ment from without. At this stage the " atmosphere " is a mass 
of heterogeneous vapour at various temperatures, and moving 
with different velocities in different regions. 

2. A period of complete vaporisation, during which the 
atmosphere in quiescent, bombardment from without having 
ceased, and the radiation being too great to permit condensation 
in the upper parts of the atmosphere. 

3. A period of cooling, during which the atmosphere is dis- 
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turbed by the fall of condensation products from the outer parts 
of the atmosphere on to the photosphere. 

It is next important, therefore, to bring together the actual 
facts shown in the photographs of the spectra of those stars 
shown to be at about the same mean temperature on the 
two sides by the principles I have indicated. 

With the photographs at present available, the test can be 
applied at three stages of temperature, the stars of equal mean 
temperature being determined by the relative intensities of the 
enhanced and arc metallic lines. When several stars of the 
same mean temperature are thus brought together, it soon 
becomes evident that they are divisible into two groups, which 
differ considerably in other respects. To take one instance, the 
average temperature of tlie absorbing iron vapour is about the 
same in e Pegasi as in Arcturus, since the spectroscopic 
difference between tliese stars, so far as the line spectra are 
concerned, is very slight. But the continuous absorj)tion in 
the violet is nmch greater in e Pegasi than in Arcturus, wliile 
the metallic lines are also somewhat broader. The difference 
between the stars, therefore, does not appear to be due alone to 
a difference of temperature. Applying this method of separa- 
tion, some of the typical stars given on the maps exhibit the 
following characteristics, those of equal tompemture, as deter- 
mined by the metallic lines, being placed on the same horizon. 
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AMcending Arm, 

Bigel : — 

1. Long contiuuotis spectsrum. 

2. Hydrogen lines moderately thick. 
8. Metallic lines of moderate inten- 
sity and thickness. 

4. Cleyeite gas lines of moderate in- 
tensity. 

y Cygni .— 

1. Considerable continuous absorp- 

tion in ultra-violet. 

2. Hydrogen lines relatively thin. 

3. Metallic lines of moderate inten- 

sity. 

< Pegtui: — 

1. Strong continuous absorption in 

▼iolet. 

2. Metallic lines thick. 



Descending Arm, 

y Lyra : — 

1. Continuous spectrum probably a 

little longer than in Bigel. 

2. Hydrogen lines very thick. 

3. Metallic lines weak and thin. 

4. Cleveite gas lines very weak. 



Cattar : — 

1. Yery little continuoua absorption 

in ultra-violet. 

2. Hydrogen lines relatively very 

thick. 

3. Metallic lines relatively feeble. 



I Arcturtu : — 

1. Little continuous absorption in 

violet. 

2. Metallic lines of moderate thick- 
ness. 



The facts thus indicate that at each of three very distinct 
stages of temperature there are two groups of stars showing 
spectroscopic differences. Generalising from these facts, it 
may be stated that stars at about the same temperature as 
judged by the iron lines, on the ascending side of the curve, 
differ from those on the descending side : — 

(1) In the greater continuous absorption in the violet or 
ultra-violet, especially at the lower stages of temperature. 

(2) In the relative thinness of the hydrogen lines at the 
higher stages of temperature. 

(3) In the greater intensity and thickness of the metallic 
lines, whether of low or high temperature. 

(4) In the relatively greater thickness of the lines of the 
cleveite gases at those stages of temperature in which they 
appear. 

I submit that the differences found are precisely those we 
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bIiouM expect on the meteoritic hypotheais. I deal with the 
difierences indicated aa-iathti. 

1. Tfte Inequality of the Continuous Absorption. — I have 
already pointed out that in the ca.se of a swnnit there must 
always be cooler vapours mixed with the hotter ones in the 
most valid absorbing regions. It is tliese cooler vapours which 
produce the absorption in the violet and ultra-violet. 

Ill a condensed mass of vapour they can only exist at the limit 
of the atmosphere where their absorption is reduced in conse- 
quence of the low pressure. 

2. The smaller Ikiekjicnn of the Hydrogen Lines. — Tlie differenca 
in thickness of the hydrogen lines is also sufficiently accounted 
for by the difference of absorbing conditions. In the stars of 
increasing temperature, consisting of uncondensed meteoritic 
swanus, the interspaces will be largely occupied by hydrogen at 
a high temperature, and the radiation of this gas will tend to 
mask the absorption produced by that in the immediate neigh- 
bourhood of the incandescent meteorites which merely graze. 
In the condensed stars with photospheres, any masking effect 
of this kind must be very much less pronounced, so that the 
hydrogen lines will be broader than in the spectra of uncon- 
densed swarms. The hydrogen lines are more constant, in 
regard to their intensities, than the lines of other substances 
in the stars of Increasing temperature, and this greater life 
of the hydrogen molecule seems to explain the fact that the 
hydrogen lines are specially picked out after passing to the 
downward side of the temperature curve when a state of 
quiescence is reached. 

It should be remarked that the great distension of the 
hydrogen lines in the hotter stars which have liegan to cool 
(toes not necessarily indicate a great thickness of absorbing 
hydrogen, since, in the case of the sun, the very broad H and K 
lines are produced by an absorbing region of small thickness in 
comparison with the sun's diameter. 
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3. The greater thickness of tlie Metallic Lines, — In the case of 
a swarm, the thickness of the effective absorbing gases and 
vapours in the line of sight will be very much greater than the 
effective thickness in the case of an atmosphere surrounding a 
photosphere, even if the masses and average temperatures be the 
same in both cases. The light proceeding from the central 
parts of the* swarm must pass through the whole depth of 
vapours filling the interspaces, and on this account the absorp- 
tion lines would be more intense in the case of a swarm. The 
greater intensities, and to some extent the breadth of the 
metallic lines, are thus explained, for since the metallic 
vapours will not fill the interspaces to the same degree that 
the hydrogen does, there will be no masking of the dark 
lines by radiation. 

4. The Widening and Thinning of certain Lines, — In conse- 
quence of the great difference of velocity and direction of the 
meteorites entering a swarm, the spectrum lines involved will 
in general be broader, and therefore dinmier, so far as this cause 
is concerned, than in stars where bombardment has ceased. 
Such a broadening was specially noticeable in the spectrum of 
Nova Aurigse, as I pointed out on page 229.^ 

The conditions, however, may vary considerably in different 
cases, according to the character of the parent nebula. In the 
case of a swarm which originally had a spiral structure, the 
chief movement will be very similar to one of rotation ; if the 
axis of rotation be directed towards the earth, such a movement 
will produce httle or no effect on the widths of the lines, but if 
the axis be not so placed, different amounts of broadening would 
be produced, according to the incliaation and radial velocity. 
In these cases, lines which would be sharp at the edges, when 
there was no movement, would remain sharp at the edges when 
broadened and dimmed. 



* Proc. Soy. Soc^ vol. 1, p. 434. 
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When the ori^nal nebula was of less regular fonii, tlie indu.x 
of meteorites towards the centre will take place in a greater 
variety of directions, to that tlie broadening elfects will lie less 
regular. 

Actions of this kind, in addition to tliose already referred to 
in 3, are probably to some extent responsible for the generally 
greater breadth of the metallic lines in bodies of increasing 
temperature as compared with those in cooling stars of the 
same mean temperatute. 

^ Tnuri is an interesting case in point. While the lines of 
hydrogen are quite sharp and not very broad, those of the 
cleveite gases are greatly distended and relatively dim. In this 
case, therefore, it would appear that the cleveite gases are more 
involved than hydrogen in the highest temperature collisions. 
In jS Lyra.', also, the bright lines of the cleveite gases aiv more 
intense than those of hydrogen, and here we have another 
indication that these gases are among those chiefly involved in 
the spectral phenomena at the highest tem{)eraturQ ; further, 
there is direct evidence that there are at least two bodies in the 
system of fi Lyra.-, and the variability is probably in part 
due to collisions between the outlying meteorites. 

It may, on the other hand, be that the lines in the spectra of 
some cooling stars may be broadened as an effect of rotation, as 
suggested by Professor fickering iu the case of a Aquilo.'. My 
own photographs show that the spucLrum of this star is almost 
identicid with tliat of ff Arietis, except that all the lines are 
broadened. In tide and similar spectra, such as a Ophiuchi 
wid a Cepliei, the broadening of the lines is accompanied by a 
reduction in intensity as in (; TaurL 

fi. T/u ffreater thickness 0/ tht Lina 0/ the CUi'fiU Gofts. — The 
action which produces the lines of the cleveite gasus. whatever 
it be, only commences shortly before the highest li'mpcratiire is 
reached, and the importance of helium in the spi-ctniin grows 
very quickly. When the action has ceased, tbt> helium lines 
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rapidly lose their importance, whilst the absorbing hydrogen 
continues for some time to become more efifective. The complete 
discussion of these diflerences cannot be undertaken until the 
criteria for stars at the aj^x of the temperature curve have 
been further investigated. 



CHAPTEK XX.— A TEST CASE BETWEEN THE lilVAL 
HYPOTHESES. 



At the end of Chapter XVI it was poiutcd out that our 
knowledge of the spectra at stars of intennediate temperature 
was incomplete, and that more work was necesaary. In the two 
Chapters preceding thb some results of one of the in«iuirie8 set 
on fool to fill up the gap in our knowledge were indicated. 
I have now to call attention to a very special research into the 
minute details of tlie spectra of a few sbirs of intermediate 
tcmpemture. The upshot of it is all the more interesting since 
the research was not undertaken in the firat instance with the 
object of advancing the suhject of classification, but rather to 
throw light on tlie phenomena of a very interesting class of 
variable stars, among thein S Copheu 

Along with S Cephei the spectra of ij Aquila, f GemLnorum, 
T VnlpeculH.', and S Sagitta; were studied, and 1 pointed ont' 
that judging by their spectra theao l»elonged to the same sub- 
group as 7 Cygni, which, however, ia not a variable star; a Ursn- 
ilinoris has also a spectrum which has nince been lecogniseil 
to be identical witli that of 7 Cygni imd S Cephei, while « Fereei 
differs so slightly from them that it may also be classified with 
them. These I now group togetlier, and for convenience of 
reference I designate them the S Cuphei class. 

A portion of the spectrum of S Cephei, at the time of maxi- 
mum, is shown in Fig. 81, where it ia comparetl with the spectm 



' i>ra<-. Sag. 8«e., TOl Ui, p. lOS. 
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of 7 Cygni and Arcturua. These have \iean enlarged alxiut ten 
times from the origiaal negatives taken at Kensmgton. 

Taking Arcturua aa a represeotativu star of the solar tj'pe,' 
it will be aeeu that although the spectra of 7 Cygni and B Ce])hei 
resemble it in showing a large number ot dark liues, tliey ditTer 
considerably from it in point of detaiL , 

Many of the lines in tlie afiectruni of S CeplieJ coincide with 
prominent lines in the sj^ctnim of a Cygni, but it is true that 
many also coincide with lines in the spectra of stars like 
a Orionis and Arctunis, which closely resemble the solar spec- 
trum. It seemed possible, therefore, that we might be dealing 
with the integrated spectra of two stars in close proximity, one 
having lines resembling those of « Orionia or Arcturus, and the 
other those of a Cygni. The spectra of all the stArs of this 
sub-group have accordingly been very carefully investigated 
from this point of view. Enlarged glass positives of a Cygni 
and Arcturus on exactly the same scale have been superposed, 
and the integrated spectra photographed. When tliia in- 
tegrated spectrum is compared with y Cygni or S Cephei, there 
ie a considerable similarity, but tlie relative intensities of the 
various lines and the general api>earaiice of certain parts of the 
spectrum, especially about G, ore quite different. Again, if 
there were two bright bodies physically connected in such a 
star as 7 Cygni there must be a revolution and a consoqueut 
doubling uf the common lines, unless the plane of movement 
wurc purpendiculur to the line of sight. No signs of such 
doubling, howuvur, have been detected in any of the eight stars 
of the sub-group which have so far been recognised, and it is 
quite improbable that the plane of revolution would be at right 
angles to the line of sight in every case, and still more so that 
the two components would have identical spectra iu each of 
the night systemb 

) nit, TVaw., IBB3, *eL dxsnT, A, p. 890. 
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Spectra of the S Cephei type must, therefore, be taken to 
represent a particular stage in the orderly development of 
cosmical bodies. 

The spectra of the stars of the group, as will be seen from 
an inspection of the photograph, are distinguished by special 
characteristics. While containing a great number of fine 
metallic lines, giving them more or less the same general ap- 
pearance as the solar spectrum, they show many lines which 
are either faint in the solar spectrum or are altogether absent ; 
the spectra are practically identical with that of 7 Cygni, which 
my previous work had indicated to be a star of increasing 
temperature. 

The chief argument in favour of placing 7 Cygni on the 
ascending side of the temperature curve was based on the 
presence of certain special lines, which occur with increased 
importance in the spectrum of a Cygni, the spectrum of which 
differs very widely from that of the sun, and has a close rela- 
tionship to those of the Orion stars. 

Further, the association of a special kind of variability with 
some of the stars having a spectrum of this type seemed to 
strengthen the view that the constitution of such stars must be 
vastly different from that of the sun. 

Dr. Vogel, however, has classified two stars of the group, 
namely, 7} Aquilae and S Sagittae, with the sun in his Class Ila, 
and more recently Dr. Scheiner has placed another star of the 
group (a Persei) between a Cygni and the sun. I must also 
add that Drs. Vogel and Scheiner differ very considerably as 
to the classification of a Cygni, and this still further compli- 
cates matters. 

It will be seen that the question between the two classifica- 
tions is a very sharp one. 

In Vogel's classification all stars are regarded as cooling 
bodies, while one of the chief points of mine is the distinction 
between stars which are getting hotter and those which are 
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becoming cooler. Thus, while stars like B Cephei and those 



like the 
they a 



: grouped together by Vogel in his Class Ila, 

e divided i 



^ 



ro groups. Group III including 
S Cephei and Gniup V the sun. The important question to be 
answered may be formulated as follows : — 

Is the difference between etara like S Cephei «nd stars 
resembling the eun solely due to a small temperature difference, 
as it is on Vogel's view, or doea it in part represent, as I con- 
tend, a physical difference ? On Vogel's view, tlie stars in 
question are like the sun, while on mine they are not. To 
make the difference quite clear I repeat that I hold that stare 
like S Cephei consist of uncondensud swarms of meteorites of 
increasing temperature, while those like the aun are cooling 
bodies and consist of masses of vapour in which there are 
photospheres and relatively quiet atmospheres. 

Several questions connected with the variability and light 
curve of these stais, and CBpecially some new observations of 
)j Aquilse, one of the group, induced nie to give special attention 
to them, from the point of view of their classification. I propone 
therefore to refer to the new work, which has been as detailed 
as posaible, in order to arrive at a just conclusion. Such work 
■8 this, indeed, must be detailed to be worth anything. 

But before I state the results at which I liave arrived, it is 
necessary, in order to enable a judgment to be formed between 
Dr. Vogel's views and my own, to refer to the location of this 
group of stars in his classification with equal detail 

Dr. Vogel's CLissmcATlON. 
1} Aqoilae and S<10) Sagitts arc the only two of the Etars 
' which have been mentioned as belonging to the S Cephei cUas 
included in Vogel's spectroscopic Ihtrchmu»lfrung, published in 
1883 ; and both are classed without further comment as stars of 
Class IIo,' This type of spectrum was tbas defined : — 
' PaiUc, Atlr. Ob*, n Fottdam, toI. iU, p. SOO. 
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" Spectrum with very numerous metallic lines, which are easily known 
by their intensity, especially in the yellow and green. The hydrogen 
lines are for the most part strong, but are never so broad as in the case of 
Class la. In some stars the lines of hydrogen are faint, and in these 
faint bands can be generally recognised in the less refrangible portion of 
the spectrum." 

Although the other stars are not included, it seems fair to 
suppose that all the stars of the B Cephei class would be classed 
with the sun if they had been included. 

Dr. Scheiner has discussed one of the stars of the S Cephei 
class, a Persei, in some detail.^ Attention is specially drawn by 
him to the differences between the spectrum of a Persei and 
that of the sun. 

In the table on page 335 I have brought together the lines of 
a Persei which Dr. Scheiner states to be more intense than in 
the sun, and have compared them with those of B Cephei and 
a Cygni photographed at Kensington. The remarks in the last 
column are those made by Dr. Scheiner with regard to the 
spectrum of a Persei. 

It will be seen that the special lines of a Persei are nearly 
all present in S Cephei and a Cygni, and that they are all either 
faint in, or absent from, the solar spectrum. 

Dr. Scheiner also remarks on a few of the special lines of 
a Ursai Minoris, another member of the B Cephei class. My 
own photographs show almost absolute identity with S Cephei, 
so that a special discussion of this star would be superfluous. 

The spectrum of B Cephei hiis been investigated by Belopol 
sky,' and he gives a table showing that it differs in many 
resi)ects from that of the sun. Attention is specially drawn by 
him to some of the lines which are strongly marked in the 
spectrum of B Cephei as compared with coiTesponding lines in 
the solar spectrum photographed with the same instrument; 



* Public. Asir. Obs. zu Poitdam^ toI. Tii, Part II, p, 329. 
' Aft. yach,, No. 3338, p. VJ. 
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Special Lines in a Persei. 





i Cephei 


a Cygni 




a Pcwei 


(Lockyer), 


(Lockyer), 


H^mAflra on a T'pT*<i'>i 


(Schciner), 


X Rowland. 


X Rowland. 


(Schciner). 


X PotBdaiii. 


Maximum 


Maximum 




intensitj — 10. 


intensity = 10. 




4290 -2 


4290 -7 (8) 


4290 -9 (4) 


Stronger than in sun. 


4306-3 


4306 -4 (5) 


4306 -3 (1) 


it If 


4310 1 


• • 


• • 


No corresponding solar line. 


4313-4 


4313-3 (4) 


4313-7 


Stronger than in sun. 


4321-4 


? 


4321 -4 (2) 


Much stronger than in sun. 


4331-0 


4331-1 (6) 


4331 (2) 


Stronger than in sun. 


4344-7 


4344-5 (5) 


4344-0 (2) 


>' i» 


4375-1 


4375-0(10) 


4374-7 (2) 


Much stronger than in sun. 


4387-2 


? 


4387-8(1) 


Stronger tlian in sun. 


4301-4 


4391 -4 (5) 


4390 -9 (4) 


M If 


4394-4 


4394 -4 (6) 


4395-2 ((>) 


»l '1 


440OO-+4OO-9 


Broad line (8) 


4400 -1 (5) 


II II 


4411 1 


4^111 (4) 


• • 


No solar line. 


4413-6 


4413-6 (1) 


• • 


II II 


4416-9 


• • 


4-il7 -0 (7) 


II II 


4^*00-7 


4-151 -1 (5) 


4451-1 (3) 


Stronger than in sun. 


4461-7 


.1-M>2 (5) 


4462-0 r2i 


II II 


4464-7 


4465 (2) 


4-164-1 (2) 


If •» 


4468-7 


44(*)8 -4 (6) 


4468 -7 (5) 


ti II 


4471 1 


1-171 1 (3) 


' 4471-3 (3) 


No solar line. 


4-173 -1 


1173- 1 (3) 


4473 2(2) 


Stronger than in sun. 


4-181 -6 


4181 -3 (7) 


4481 -3 (10) 


II If 


4488-6 


+1.S9-3 (5) 


4489-1(5) , 


»• II 


4491-8 


4^192 -0 (3) 


4491 -5 (4) 


t» '• 


4501-5 


4501 -5 (7) 


4501 -6 (4) 


Much stronger than in sun. 


4508-5 


4508-5 (5) 


4508-5 (7) 


II 1* 


4515-6 


4515-6 (6) 


4515-7 (6) 


Stronger than in sun. 


4520-6 


4520-5 (3) 


4520 -4 (6) 


II »i 


4534-4 


4534-3 (7) 


4534 -5 (6) 


Much stronger than in sun. 


4545-3 


4545 -3 (6) 


4546-4(1) 


ff II 


4549 -9 


4549-9 (7) 


4549*9 (8) 


Stronger than in sun. 


45(U-1 


4564-1 (4) 


4564 -2 (5) ' 


fi fi 


4572 


4572 -0 (5) 


4572-5 (5) 


»i II 



a (li.sc'ussion of these difi'erences shows that the more special 
lines of 8 Cephei, like those of a Persei, are very pnmiinent in 
a Cy^ni. In spite* of these differences, however, Dr. Seheiner 
chus.Hes a IVrsei witli stai-s like the sun, hut regards it as a 
transition sUige l)etween a Cygni and the sun. He says : — 
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" From the general conclnsions, the above list gives us quite a cixrioas 
and important result. If one compares these lines with those in the 
spectrum of a Cygni, which is of special interest as an advanced spectrum 
of Class I^, one finds that, out of sixty lines in a Cjgni, twenty-ime 
occur in the list, and all of these in a PerseL The fact, therefore, 
remains that nearly half the lines which in the spectrum of a Persei diow 
divergences when compared with the solar spectrum appear certainly in 
any case in the spectrum of a CS'gni and determine its peculiarity. 

^ Now a Cygni belongs to Class 16, a Persei to CUss IIo, and the 
plausible conclusion appears to me, therefore, that a Persei bad pre- 
viously a spectrum similar to that of a Cygni, and that in this case we 
have the missing connection between 16 to IIo." ' 

The spectrum of a Tauri, which, as I shall show, must be 
regarded as a condensing swarm, closely resembles that of the 
sun; so that Dr. Scheiner's evidence would equally place 
a Persei intermediate between a Tauri and a Cygni 

Difficulties connected with VogeVs Classification, 

The close association of stars like h Cephei with those like 
a Cygni makes it here unportant to discuss the place of a Cygni 
in Vogel's classification. With regard to this star Dr. Scheiner 
writes: — 

^ The spectrum of a Cygni, in spite of the large number of its lines, 
has no resemblance with that of the sun. While it is possible to identify 
most of the lines with solar Hues in respect of their position,, yet the total 
lack of a^H'eement as to intensity of the lines makes many of these identi- 
fications worthless." * 

Dr. Scheiner has classified a Cygni in Vogel's class B, which 
was thus defined in Vogel's original classification : " Spectra in 
which the metallic lines are few in nimiber, and very faint or 
entirely imperceptible, and in which the hydrogen lines are 
lacking." 

In view of the photographic results obtained at Potsdam, the 
last clause in this definition was revised in 1888, so that it 



> PoiJtdam ObserraiioH-f, rol. rii, Part 11, p. 331. 

^ Scheiner's Astronomical Spectroscopy (Frost's translation), p. 247. 
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reads : " and the strong liydrogen lines of Tyjje la are lacking."' 
This liaa again been modified liy Dr. Scheiner, and the charac- 
teristics of Type 16 are stated as " spectiB in which the hydro- 
gen lines and the few metallic lines all appear to be of equal 
brewlth and of sharp definition."' It is on the ground uf this 
gi-catly modified definition that a Cygni is included with stars 
like Rigel in Claes 16. 

Dr. Vogel, however, is not prepared to accept Dr. Sclieiner's 
amended definition of Class 16. He writes . — 

" However jastifiable it maj bo to regard the peculiarly sharp spoctnii 
lines of the etara above mentioned and a few othen of the laioe kiud as 
-worth; of Bpeciol coosi Juration, the adoption of thU propoa&I would make it 
necetaarj to separate a Dumber of stara (including those of Orion) whose 
relationship is placed beyond all qiiesEioa by the iuveetigations I have 
referred tfl, and to place them with a Cygni, which has a materially 
different spectrum."' 

In the same paper Dr. Vogel brings furward a new deSnition 
of hia Cliiss 16 in the following terms : — 

" Spectra in which, beaides the still dominant hydrogen lines, the lines 
ot cleveite gaa appear, and above all the lines X 4036, X 4473, X 6016, and 
X D878(D,). The lines of calcium, magnesiutn, sodiuni, and iron are also 
more or leas numerous in spectra of this subdivision." 

This new definition excludes a Cygni from Class lb. in Dr. 
Yogel'a opinion, and he places this star in Class la 3 of his 
extended dossificution of spectra of the first class. This sub- 
claas is thus defined : — 

"Spectra in which the caldmn lime X 3934 has nearljthe same intensity 
as the hydn)){i<n linos. In occasional instances it is still sharply duducd 
at the edges, or it may be broader and nioio intense than the hydrogen 
tines, snd very diffuse, forming with the hydrogen line H,(X 3970), which 
is gresitly iatenufied and broadened by the calcium line X3969, a oob- 
qncnoua pair. 

" In the spe<Ttra of this division the liuea of the cleveite gas cannot b« 
I ncoguised ; on the other hand numerous strong lines of different metoln. 



■ Atl. ifark., TOI. oiii, p. S7. 

mvmieal SptrtroiMpy (Fnst'i tmulstioo). p. 31$. 
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particularly lines of iron, are always present. The lines of hydrogen are 
still always dominant Ha is plainly apparent among the other lines, 
and the group G is less conspicuous than Hy. This subdivision forms the 
direct connecting link with the spectral Class II, in which the hydrogen 
lines no longer play a prominent part in comparison with the lines of 
other metals." * 

According to this definition, a Cygni is classed with Procyon, 
a star which in the main resembles the sun, and this notwith- 
standing Scheiner's remark that the spectrum of a Cygni bears 
no resemblance to that of the sun. 

It is clear, then, from these disagreements among the 
Potsdam observers, and the frequent changes made in the 
definition of the various classes, that it is difficult to classify 
a Cygni satisfactorily on Vogel's hypothesis that all stars are 
cooling. 

My Own Classification. 

The First Arguments. 

I gave in the Metearitic Hypothesis the evidence that in stars 
such as a Orionis, the occurrence of radiating carbon vapour 
is an indication that these stars, like comets, consist of uncon- 
densed swarms of meteorites. Since the temperature of a 
condensing swarm of meteorites must be increasing, in accord- 
ance with thermodynamical principles, stars like a Orionis 
must be placed on the ascending arm of the temperature curva 
The photographs show that the spectrum of stars like a Tauri 
is almost identical with that of a Orionis so far as the lines 
are concerned, and since one of the flutings in the red in the 
spectrum of a Orionis also appears in a Tauri, this star must 
also be regarded as one of increasing temperature. 

The discussion of the Kensington photographs led me to 
place 7 Cygni next to a Tauri in the series of stars with 
increasing temperature, and we now know that S Cephei must 

* Attrophyticcd Journal (1896), toI. ii, p. 844. 
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Ije classed with this star. I pniiiU'il out that the spectrum of 
7 Cygiii 

" Has much in common with that of a Tauri, but there is less coD- 
ttnunus absorption, and many of the line« of a Tauri thin out The next 
hU'P to a Oygni is rather u long one, but it aeeam Tcry probitble tbkt if 
mure photographs were available intemiedi&U i)|iectr» wuuld be founil. 
It will he «een, however, thnt in a Cj'giii the hydrogen lines are inUmti- 
lieii 08 i<imi|iare<l with y Cygui, and thnt «ll the impurCjuit lines of a Cygni 

agri^e in position with prominent Hues in y Cygiii. In 

juLwing to Rig«l tiie more iiiiporlaut lioea of a C>gui MV retoiaeU, olul a 
few new iiiics make their appeaisnce." 

My arguitieiit was, that with an increase of temjierature a 
star like a Tauri would develop into one like £ Cephei, which, 
witii further increase, would pass through successive stages 
represented by a Cygiii, liigel, and Bellatrix. To justify this it 
is accordingly necessary to show greater reason for associating 
£ Cephei with a Tauri than with a star like the sim, which wo 
know on other grounds to bo cooling; and from the great 
similarity of the line spectra of a Tauri and the sun, it is clear 
that the argument must not entirely depend upon the identity 
of lines in the spectra of a Tauri and S Cephei, but upon general 
and specific dilTerencea between S Cephei and the sun. 

Tfif A't'w Ar^nurni derived from the Study of (he Enhanced 
Line*. 

It is most fortunate that on all the foregoing points the study 
of the enhanced lines throws a flood of new light (see Fig. 82). 

A study of the erdiauced lines shows at ouce that S Cephei is 
hotter than either a Tauri or the sun. and that Uie diSerenct: 
between its spectrum and that of a Tauri or of the sun is cer- 
tainly in part due to this ditlTerence of tempemture of the absorb- 
ing vapours. The lines which are stronger in S Cephei than in 
tho sun indnde many of those which have been found to be 
enhanced in the spark spectra of metals, so that they arc no 
longer to be regarded as unknown lines. Similarly, many of 

X 3 
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the lines of a Cygni for which no origins could previoiislT be 
assigned have been shown to be lines of common metals under 
conditions of high temperature. Still, the mere presence of the 
enhanced lines in a star spectrum affords us no criterion as to 
whether the temperature of a star is increasing or decreasing: 
But I have also indicated on page 322 that if we take the relatxre 
intensities of the enhanced lines and the arc lines as an indica- 
tion of stellar temperatures, and in this way bring together a 
sufScient number of stars of about the same temperature as 
7 Cygni or S Cephei, such spectra may be divided into two 
well-markeil groups, of which 7 Cygni and Castor maj be 
taken as tyj>es. The chief generic differences between the two 
j:nt)up3 of stars at the temperature of S Cephei were thus sum- 
marised : — 

^ Cephei. Culor. 

(1) Considerable absorption in (1) Very little eontinDoas ab- 

oltra-violet. sorptioD in oltzm-Tioiet. 

(2) Hydrogen lines relatively (2) Hydrogen lines r&lfttiTely 

thin. Ten thick. 

(3) Metallic lines of moderate (3) Metallic lines relatiTelT 

intensitv. feeble. 

It was further shown that these differences are simply and 
sufficiently explained on the supposition that stars like 7 Cygni 
and 8 Cephei are uncondensed swarms of meteorites^ while 
ihose like Castor, which have about the same mean tempera- 
ture, are stars approaching the condition of the sun, in which 
photospheres and rektively quiescent atmospheres have formed. 

The Strength(ninj of th: Argument from Yariabxlity. 

The e\'idence in favour of placing stars like S Cephei and 
7 Cygni on the ascending arm of the temperature curve by the 
fact that stars of this class present a special form of variability 
has recently been greatly strengthened. This variability is 
similar in kind, but difierent in degree, to that associated with 
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stars of Group II, such as Mira. The following table shows 
that the amount of variation is very much less than that in 
variables of the Mira type : — 



Name. 


Period. 


Interval from 
min. to max. 


Variation. 


Remarks. 


SOephei 

Z Geminorum . 

7 Aquilse 

8(10)SagittflD.. 
T Vulpeculae . . 

Mira 


d. h. 

5 9 

10 4 

7 4 
8' 9 
4 10 

331 


d. h. 

1 15 
5 

2 9 

3 10 

1 7 

• { 


3 -7—4 -9 
3 -7—4 -5 

3-5— 4-7 

5-6— 6-4 

6 -5—6 -5 

(1-7 50) 

(8-7— 9-5) 


Verj regiilnr. 
Period slowly 
lengthening. 
Slightlj irregular. 





It will be seen that the luminosity at maximum is from 
about two (0*8 magnitude) to three times (1*2 magnitudes) 
greater than at minimum, while the forms of most of the light 
curves resemble the majority of those of the Mira class in the 
relatively steep ascent to maximum. A constitution more or 
less similar to tliat of the Mira class is therefore indicated. 

I have already shown that in such variables as Mira the 
presence of bright carbon flutings indicates a meteoritic struc- 
ture.^ Here the variation has a much longer period than in 
S Cephei, but it is only necessary to suppose that S Cephei 
is more condensed, so that revolving swarms of short period 
will be alone effective in producing collisions at periastron, as I 
pointed out in 1889.^ 

A recent discussion of all the available observations of 
rj Aquiloe by Dr. William J. S. Lockyer* has shown that the 
light curve of this variable can be best explained on the sup- 
position of three meteor swarms moving around their centre of 



» Froc, Roy, Soc. (1887), toI. xliii, p. 130. 
• Proc. Roy, Soc.y toI. xlvi, p. 420. 

' Resultate aus den Beohachtungen des verdnderlichen Sternes if Aquiltf 
(Inaugural Dissertation), Gottingen, 1897. 



I 



XX..] TEST CASE BETWEEN THE RIVAL HYPOTHESES. 343 

gravity. In this way not only is tlie general form of the light 
curve satialied, but the smaller irregularities discovered by the 
discuasioQ are also easily accounted for. 

Hence, by placing stars of the S Cephei class ou the ascend- 
ing arm of the temperature curve, the variability of certain 
members of the group finds a. ready explanation. I am not 
aware of any satiafactory explanation of the S C'ephei type of 
variability in which a constitution resembling that of the sun is 
assumed, and to my mind such a variation in a star constituted 
like the sun is impossible. 

The final result of the discussion of the spectra of stars of the 
S C'ephei class is to show that they must be placed on the 
ascending arm of the temperature curve, at a stage higher than 
stars like a Tauri, in which the mean temperature is not very 
different from that of the aun. Stars of equal temperature on 
the descending side of the curve, of which Castor may be taken 
as a type, show precisely the same lines, the enhanced antl co"l 
lines having the same relative intensities, but with inverted 
intensities of the hydrogen and metallic lines, and with some- 
what less continuous absorption in the ultra-nolet. The 
difference between stars like S Cepbei and those of the sun is 
therefore partly due to a difference of temperature and partly 
due to a diOi-reuce of physical condition such as is demanded 
by the metcoritic hypothesis. On this hypothesis, the variables 
of this clus.s are to be regarded as meteor-swarms not yet com- 
pletely condensed. This result enables us to understand why 
some members of the S Cephei class should show such a very 
special kind of variability. 

a Cygni also finds a natural place on the ascending arm uf 
the temperature curve, at a stage higher than S Cephei, and all 
the iliHiculties met with in attempting to classify it on Vogel'a 
view of decreasing temperature are removed. 
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Conclusion. 

I am not aware that any more cmcial test than the fore- 
going can be applied to the rival schemes of stellar classifica- 
tion, and as I hold that the result of its application is entirely 
in favour of the one which assumes the existence of some stellar 
bodies which are increasing their temperature while others are 
reducing it, the Sun's place in Nature must be regarded as near 
that occupied by Arcturus and Capella, and very far separated 
from that occupied by a Cygni, 7 Cygni, and a TaurL 

Nor is this all, the origin of the Sun in a nebula not ex- 
clusively gaseous but only containing gases among its consti- 
tuents is greatly strengthened by the extended study of the 
classification problem which has occupied the last few chapters. 

Along all lines, then, the fundamental requirements of the 
Meteoritic Hypothesis have been strengthened by the later 
work. 
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314, 317. 
lines in. thickness of, 326. 
Meteorites and cleveite gas, Ramsaj, 
108. 
experiments on, 109. 
gases occluded by, 108. 
Miers and Hillebrand on uraninite, 

45. 
Miller, Nova Coronse, 182. 
spectra of nebuls, 75. 
Minerals, giving D^ line, list of, 67. 
Mira Ceti and Nova Coronie, 236. 

carbon in, 341. 
Monok, Nova in Andromeda, 184. 



N. 

Nebula, ri Argus, 81. 
chief line in, 98, 105. 

wave-length, 99. 

and nitrogen, 99. 

peculiarity of, 91. 
in Andromeda, 71. 

carbon in, 113. 

condition of, 80. 
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Ke'bnla—coii/iii ued, 
Orion, 72. 

and bright-line itars, 122-3. 

condition of, 80. 

•pectrum of, 89, 95. 

Tariaiions in, 140. 

and Bellatriz, comparison of 
spectra, 62. 
spectrum of, Draper, 91. 

Huggins, 91. 

variation of, 92. 
spiral, in Canes Yenatici, 133. 

M 33 Trianguli, 137. 

Messier 74, Piscium, 135. 
Ne'bulsB and bright-line stars, 120, 
281. 

differences, 125-6. 

Max Wolf, 154. 
and comets, connection between, 

117. 
and nitrogen, 85. 
and norte, 251-2, 259. 
and star clusters, Maupertuis, 

73. 
and stars, Espin, 145. 

Max Wolf, 145. 

relation, 69 et seq., 5, 82, 145. 

Kant, 73. 

Laplace, 74. 

Lord Rosso, 75. 
and their surroundings, 115. 
bright lines, origin of 111, 281. 
carbon in, 112, 117. 
colUsion conditions, 115. 
early forms of, 82. 
evolutionary stages, 83. 
general chemistry of, 94. 
high temperature line^, 116. 
hydrogen lines in, 94. 
line D», bright, 62. 

dark, 52. 
luminosity of, Tait, 78. 
mean temperature, 118. 
nature of, 107. 
origin of, 80. 
photography of, 145. 
planetary, 97 et teq. 

helium in, 130. 

Pickering, 121. 
small, obserration of, 255. 
spectra of, explanation of. 111. 

ilugi^ins, 76. 

Miller, 75. 
spiral, 128. 

origin of, Roberta, 144. 
temperature of, 114. 
Tariability of, 140. 



Negatives, enlargement of, methodf 

of, 25, 27. 
Newton, Nova, origin of a, 181. 
Nitroffen and chief nebular line, 99, 

104. 
Korma, Nora, 233. 
Kova Andromedse, colour of, 240. 

Monck, 184. 

spectrum of, 207 ei 9€q., 213, 215. 

Tajlor, 213. 
Aurigie, 225. 

and nebulsB, 252. 

bright and dark lines in, 229. 

changes in, 232. 

colour of, 228, 

discovery of, 226. 

eye observations of, 230. 

light fluctutitions of, 2^. 

Max Wolf, 253. 

spectrum of, 227, 229. 

system of, 228. 

velocity of components in, 232. 
Corona?, 182. 

and Mira Ceti, 236. 

carbon in, 240. 

colours of, 238, 240. 

light curve of, 222. 

spectrum of, 187 et teq. 
Cygni, carbon in, 241. 

colour of, 240. 

Hind. 185. 

integration of spectrum, 203. 

light curve of, 223. 

lines in, origin of, 201. 

I>ord Lindsiay, 198. 

Lockver, 184. 

Lohsi>, 184. 

Srhniidt, 193. 

Votfi'l, 183,241. 
of 1572, description of, 17G. 

light curve of, 221. 

observations of, 177. 

Tycho Bnihe. 176. 
of 16«)4, description of, 178, 

LaurentinuB, 180. 

magnitudes of, 178. 
of 1669, 180. 
Normsp, 233. 

spectrum of. 233. 
Kov» and Group II, 243. 
and nrbulfe, 251-2, 259. 
sparse meteoritio swarms, 254. 
the line 500, 259. 
their temi)erat\ire, 266. 
variables, comimrison with, 256. 

difference between, 187. 

relation between, 236. 
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cause of, 18G, 21G, 243 ei iteq,, 
256. 

Kepler, 180. 

Newton, 181. 

Tjcho Brahe, 179. 
carbon, radiation in, 102, 240. 
colour observation", 240. 
composed of two swarms, 129. 
cooling of, colours observed, 239. 
finul stage of, 250. 

feneral conclueions on, 255 et seq. 
[uggins, 21H et seq. 
Johnstone-Sloner, 182. 
light curTcs of, shape of, 222. 
magnesium in, 220. 
magnitudes of, variations, 220. 
mixed colours of, cause of, 287. 
mixed spectrum of, origin of, 236. 
nebular line in, 235. 
nebulflD and briglit-line stars, 234. 
spectra of, 187, 11)3. 

synthesis of, 217. 

sequence of, 21("). 
theories on, comparison of^ 181, 

245-6. 
velocities of components, 257. 



O. 



Observatory, Harvard College, 9. 
Lick, 8. 
Yerkes, 9. 
Oriou nebula, 72, 87. 

and Bellatrix, G2. 

and bright-line stars, 122-3. 

condition of, 80. 

hvdrogen lines in, 93. 

spectrum of, 89. 

variations in, 1 10. 

P Cygni lines in. 123. 

spectrum of, Campbell, 39. 

unknown linos in, 38. 
itars in, Campbell, 273. 

Pickering, 273. 



P. 



Paschen and Bunsre, gas X, wave- 
lengths, 61. 
helium, wave-lengths. 60. 
Pechtile, Vogel's stellar classification, 

265. 
Persei a, lines in, 835. 
Scheiner, 332. 



Perry, Nova Andromedse, 210. 
Pickerinsr, Algol, spectrum of, 157. 
classification, stellar, 269, 273. 
/3 Lyrse, 163. 

spectrum of, 232. 
nebulflB, planetary, 98, 121, 123. 
Nova Aurigfe, 227. 
objective prism, 19. 
Orion stars, 273. 
photography of stellar spectra, 

23. 
stellar variability, kinds of, 170. 
variable stars, spectroscopic studj 
of, 157. 
Pleiades, Roberts, 126. 
PoflTSon, ecUpse of 1868, 31. 
Prism, objective, Fraunhofer, 19. 
Pickering, 19. 



B. 



% and uraninite, 47. 
argon, discovery of, 45. 

and helium, spectra of« 5!<. 
and irillebrand, 38. 
helium s mixture, 61. 
helium in meteorites, 108. 
Bate, clock-, adjustment of, 21. 
Bayet, Nova Corona;, spectrum of, 

187. 
Bayleisrli, Lord, argon, 45. 
Bead, Maxwell, variable stars, 175. 
Befleotor, attachment of spectroscope 
to, 16. 
Common, 10. 
Roberts, 12. 
Befractor, attachment of spectro- 
scope to, 17. 
6-inch, Kensington, 19. 
Befiraotors, 8 tt seq. 
Boberts, Dr., Canes Venatici, nebula, 
133. 
cluster 15 M LibrsD, 70. 
Orion nebula, 140. 
photographs, long exposure, 129. 
Pleiades, 126. 
reflector, 12. 

spiral nebuls, 134, 187, 143. 
Bosse, Lord, nebulee and stars, 75. 
Bunffe and Kayser, calcium spec- 
trum, 295. 
Bunsre and Paschexi, argon and 
helium, relation, 54. 

cleveite gas spectrum, 51, 58, 50. 
gas X, wave-lengthi, 61. 
helium, wave-lengthi, 60. 
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Bowland, gratings, lf>. 
Bu8S«ll, olectricul control, 2 k 
Butherfurd and stellar classiflcutiun, 
263. 
gratings, 16. 



S. 



Secchi, stellar clasriification, 263. 
Soheiner, Htellar classtification, 271. 

ina<;nei«i(in), spirt rum of, 202. 

method of enlargement of nega- 
tives, 27. 

\ovie, line 500 in, 2r>0. 

Vunel'!* stellar elassiGeation, 264. 

a Pen<ei, 3 12 ct sni. 
Schmidt, Nova Cvgni, 11)3. 
Seelierer, Xova*. eau!*e of, 2t4 5. 
Shaokleton, I)^ line, dii])lieitv of, 51. 

K4)lar eelip.se, 1SI)3, 43. 
Sherman, Nova Arulromedie, 210, 

213. 
Sidgreaves, F;itlier, /3 Lvr.e, 16 k 
Spark lin«"*. 2S8. 

Speotra, stellar, <'riteria of distinetion 
between , 279. 

variation of. canse of, 2, 2S9. 
Spectroscopo, simple form of, 1 k 

att4ieliment lo reflector, 16. 
refnictor. 17. 
Spectroscopes, 16 ft xrq. 
Spectrum analvsis, principles of, 13 

ft St'i^. 

continuoii.H, 15. 

fluted, 99. 

iron, varying temiu^ratures, 299. 

line, 15, 99. 
Star, cool, tvi»e of a, 302. 
Stars and earth, iiimilar chemistrv, 
• »'. 

nebuhe, connection Ivtween, 5, 
82. 

bright ami dark tlutini:«!. 2S2. 

dn^ititii'ation o(. See ** Classifica- 
tion, Mellar." 

evolution of, Voucl. 274. 

hottesf, criterion for, 277. 

line spi'ftra. incn.*a.xing tem|)ora- 
ture. 2S3. 
bimpli^t. 2.S3. 

n«»w. Sff Nov.T. 

Be<pii-nr" a«Tordini; to tempera- 
ture, aoi. 

temjH'mtun*. tlecreasing, 283, 3(>2, 

aio. 

highlit, 2S3. 



Stars — coat in ued. 

temperature groups, 324. 

increasing, 302, 305. 
iron lines, 303. 

relative, 304. 

subdirisions, 284. 
variable, 155 et ^ey. 

and Novae, 187, 235, 256. 

cause of, 160. 

^ Cepliei type, 341. 

explanation of, 156 el #ey. 

Fleming, 160. 

irregular, cau:«e of, 174. 

kinds of variabilitv, 169. 

light variations, 155. 

/3 Lyra', 162. 

meteoritie hyi>othedis, 156, 170 
ft svq. 

^lira type, 236. 

Pickering, 157. 

soup-plate theory, 173. 

spectra of, 160. 
Stewart, Ualfuur, sunspot fonnation, 

a. 

Stone, Nova Corona', spectrum of, 

187. 
Sun, condensed swarm, 280. 

ga-* X lines in spectra of, 64. 
helium lines in s|>eetra of, 63. 
iron in, 290. 

?lK'ctrum and chromosphere, com- 
parison, 290. 
sjwts, iron in, 290. 



T. 



Tait, luminosity of nebula*, 7S. 
Tauri, ^, Indro^en lines in, 327. 
Taylor. Andromeda nebula, mrbon in, 
113. 121». 
Nova .Vntlrouied.'u. 213. 
Temperature and stellar classifica- 
tion, 2«il. 
cleveite ga-es (increasing), 313. 

(decreMsini;), iMtt. 
criteria for, IJU9. 

curve in "stellar cbiHsifieation, 266. 
helium and hydrogen, 314. 
hich. s]Hs*tnil indications of, 287. 
ir»»n siHstrum, 303. 
relative. 3«»k 

spectra of metals (ascending), 305 
et teq. 
(dcjicendinj:), 310 e/ feq. 
stars arranged in !HH|uence of, 301. 
stellar, criteria for, 322 ft teq. 



d60 



INDEX. 



ThaUn, calcium spectrum, 295. 

cleTcite gas lines, 49. 
Tycho Brahe, Nora, cause of, 179. 
colour of, 239. 

Novae, 176. 



To^el — continued. 

NoTs, cause of, 244. 

components of, 257. 
stars, evolution of, 274. 
Von Oothard, nebuls and Notc, 
251-2. 



XT. 



Uraninite, and Aamsay, 47. 
Hillebrand, 36, 45. 
Miers, 45. 

spectroscopic examination of gas 
from, 47, 54. 



V. 



Variability, stellar, various yinds of, 

169. 
Variable stars. See "Stars, variable." 
Variations, spectral, due to high 

temperature, 2, 289. 
Voffel, carbon, spectrum of, 147. 

classification, stellar, 264, 332 et 

teq. 
f| Aquils, 332. 
k Ljne, 164. 
Nova Andromedse, 209. 

CoronsB, spectrum of, 189. 
Nova Cygni, 183, 241. 
carbon in, 241. 
spectrum of, 193 et teq. 



W. 

Wave-lencth, changes of, 33. 

nebula line, 99. 
Wolf, Max, nebulse and bright-line 
stars, 154. 
nebulie and stars, views on, 79. 

photography of, 145. 
Nova Aurigfe, 253. 

Coronse, spectrum of, 187. 



Y. 



Terkes, observatory, 9. 
Tounff, chromosphere line, 447l'6, 
31,52. 

7065-5, 53. 
variable stars, meteoritic l^vpo- 
thesis, 172. 



Z. 



Zollner, Novs, views on, 181 , 243. 
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